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FOREWORD 


A  Foundational  Research  Program  was  initiated  at  the  U.  S.  Naval  Air 
Bigineering  Center  by  the  Bureau  of  Aeronautics  in  May  1959  and  has  had 
continued  support  by  the  Bureau  of  Naval  Weapons.  The  Program  supports 
the  Navy's  general  policy  that  Research  and  Development  Activities 
directly  control  a  portion  of  their  research  capacity  to  exploit  new 
ideas  related  to  their  fields  of  interest. 

At  the  NAVAIRENGCEN,  Foundational  Research  is  defined  generally  as 
research  to  develop  knowledge  useful  in  the  current  and  future  development 
of  systems,  weapons,  and  components;  to  establish  the  feasibility  of 
applying  new  ideas;  or  to  foster  the  creative  productivity  of  the  Center 
Staff  in  military  problems.  Normally,  this  research  includes  basic 
and  applied  research  up  to  the  stage  of  indicating  that  normal  development 
and  application  may  be  successfully  undertaken.  However,  no  restrictive 
or  ironclad  definition  of  research  has  been  indicated  or  even  considered 
desirable. 

The  Foundational  Research  Program  endeavors  to  provide: 

1.  A  stimulating  research  and  development  atmosphere  conducive 
to  the  formulation  of  new  concepts  and  ideas; 

2.  Continuing  programs  of  research  which  will  establish  a 
reservoir  of  knowledge  that  can  be  drawn  upon  for  the  solution  of 
immediate  and  long-term  naval  air  problems; 

3.  Opportunities  for  preliminary  investigation  of  the  more 
speculative  problems  unsuitable  for  study  under  specific  task  assignments; 

4.  Flexibility  of  operation  which  will  enable  programs  to  be 
started  or  stopped  as  deemed  appropriate  by  NAVAIRENGCEN. 

This  report  gives  a  brief  summary  of  each  task  undertaken  during 
Fiscal  Year  19^5-  Of  the  twenty-six  tasks  in  progress  during  Fiscal  Year 
1965,  twenty-five  have  carried  over  into  Fiscal  Year  1966. 
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RESEARCH  ON  THE  STATICS  AND  DYNAMICS  0*  mDIDS 


FRIEDRICH  0.  RINGLEB 


BACKGROUND. 

Former  investigations  under  the  same  title  (see  reference  l/) 
dealt  with  the  following  topics:  Studies  on  vortex  motion,  flow  con¬ 
trol  hy  standing  vortices,  air* flow  over  the  deck  of  an  aircraft 
carrier,  control  of  stack  gases  using  standing  vortices,  flow  over 
blast  deflectors,  the  geometry  of  flow  in  general  and  others.  A  result 
of  the  early  studies  on  vortex  motion  was  the  development  of  the  three 
dimensional  smoke  tunnel  of  the  Naval  Air  Engineering  laboratory,  which 
served  as  a  powerful  research  instrument  for  most  of  the  later  investi¬ 
gations  under  the  FoundAtional  Research  Project  No.  1. 

OBJECTIVES. 

The  successful  solution  of  problems,  as  discussed  in  the  foundational 
research  reports  1963  and  1964,  automatically  lead  to  new  problems  and 
investigations,  which  formed  the  objectives  for  the  foundational  research 
project  No.  1  during  the  year  1965.  Particular  attention  was  paid  or 
intended  to  pay  to: 

(1)  Continued  investigations  on  oarrier  airflow, 

(2)  study  of  scale  effects  influencing  the  streamline  patterns 
of  smoke  tunnel  observations, 

(3)  flow  visualization  in  water  by  dyed  longitudinal  vortices, 

(4)  flow  visualization  in  two  phase  flow,  and, 

(5)  studies  of  air  entrainment  in  water. 

ACCOMPLISHMENTS . 

(l)  Control  of  airflow  o^er  an  aircraft  carrier. 

The  three  dimensional  smoke  tunnel  provided  the  possibility  of 
studying  the  airflow  over  an  aircraft  carrier,  and  especially  of  finding 
the  origin  cf  the  dangerous  air  disturbances  met  by  landing  aircraft  near 
the  stern  -  called  the  "burble."  The  moving  carrier  influences  the  air 
above  the  water  like  a  low  aspect  ratio  air  pl«ne  wing  influences  the  air 
beside  the  fuselage.  In  general,  a  wing  tip  vortex  foras,  which  results 
in  a  rotation  of  the  air  on  the  down  stream  side  of  the  ship,  unless  the 
aerodynamic  angle  of  attack  between  the  ship  and  the  air  flow  is  zero. 

In  the  latter  case,  the  distortion  of  the  airflow  over  the  carrier  is 
smallest.  The  flow  is  then  similar  to  the  almost  parallel  flow  over  a 
ridge.  It  is  this  case  which  yields  the  most  favorable  conditions  for 
landing  aircraft. 
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Wind  over  dec  A 


FIGURE  5.  POSITION  OF  ISLAND  WITHOUT  WING  TIP  VORTEX 


In  order  to  obtain  this  case,  the  landing  operation  must  be  carried 
out  under  zero  aerodynamic  angle  of  attack  between  the  carrier  and  the 
resulting  airflow  over  the  carrier.  This  can  be  achieved  by  turning  tne 
island  into  a  direction  in  which  the  wind,  which  is  assumed  to  be  parallel 
to  the  axis  of  the  canted  deck,  forms  a  zero  aerodynamic  angle  of  a  tack 
with  the  ship.  Staoke  tunnel  observations  show  that  the  nose  of  the 
island  must  be  turned  about  one  half  of  the  angle  between  the  ship  axis 
and  the  axis  of  the  canted  deck,  toward  the  canted  deck  axis  in  order  to 
obtain  the  proper  position  (see  Fig.  5)* 

In  order  to  demonstrate  this  amazingly  simple  solution  of  a 
particularly  serious  problem  of  Naval  Aviation,  a  simplified  streamlined 
aircraft  carrier  model  is  shown  in  the  three  dimensional  smoke  tunnel 
(see  Figures  1  through  4).  The  streamlining,  especially  of  the  island, 
clearly  shows  the  essential  features  of  the  overall  flow,  not  disturbed 
by  the  confusing  influences  of  many  little  protuberances.  Figure  1 
shows  the  carrier  airflow  under  a  wind  direction  whim  is  about  parallel 
to  the  axis  of  the  canted  deck.  Here  the  island  has  the  conventional 
position  parallel  to  the  ship  axis.  The  airflow  downstream  of  the 
island  shows  the  effect  of  the  wing  tip  vortex.  The  n*r  is  rotating 
around  a  horizontal  axis.  This  can  be  recognizee  by  observing  the  smoke 
lines  incoming  from  the  left  within  a  vertical  plane  under  an  angle  of 
about  11°  with  the  symmetry  plane  of  the  carrier  hull.  Downstream  of  the 
island  these  streamlines  become  spirals,  and  wind  around  the  core  of  the 
wing  tip  vortex  (shown  in  Figure  2)  by  Titanium  tetrachloride  smoke 
emanating  from  the  wing  tip.  The  figures  5  and  4  correspond  to  the  Figures 
1  and  2.  However,  the  nose  of  the  island  has  now  beer,  turned  (about  5°) 
toward  the  canted  deck  axis  'until  the  wing  tip  vortex  disappeared,  and 
the  flow  over  the  deck  became  almost  undisturbed.  The  veil  of  smoke  seen 
in  Fig.  4  indicates  the  wake  of  the  island. 

This  method  of  removing  a  severe  disturbance  of  the  airflow  near 
the  stem  has  been  accepted  by  BuShips  for  application  at  the  new  carrier 
CVA-68.  Its  island  will  have  a  vertical  plane  of  symmetry  under  a  non¬ 
zero  angle  with  the  ship  axis.  It  also  will  have  a  rounded  nose  in  cider 
to  reduce  the  vidtv'  of  its  wake,  schematicaTy  shown  in  Figure  5  (compare 
also  reference  ZJ  ) . 

The  results  ol  these  investigations  will  be  presented  by  the  principal 
investigator  under  the  title  "Effects  of  the  Configuration  of  an  Aircraft 
Carrier  or.  Starting  and  Landing  Aircraft",  at  the  Fifth  Annial  National 
Conference  or.  Snvir.  mental  Effects  ;r.  Aircraft  and  Prop  tlsior.  Systems  at 
Princeton,  N.  J. ,  September  i >65  - 

(2)  Scale  effects  on  streamline  patterns. 

It  has  been  questioned  frequently  whether  the  node*  observations  in 
the  smoke  tunnel  u.b'r  a  rather  moderate  Reynold?  number  convey  a  true 
picture  of  the  flow  corresponding  to  a  very  high  Reynolds  number,  as  in 
the  case  of  the  airflow  over  an  aircraft  carrier.  Since  this  quest'  r.  is 
important  to  the  application  of  almost  ail  saoxe  tunnel  observations, 
it  has  been  made  the  objective  of  a  separate  experimental  and  theoretical 
study.  Ir.  particular,  the  question  has  been  studie  d  in  r*  ow  far  the  pattern 


of  the  streamlines  of  a  viscous  flow  depends  on  the  scale.  Theoretically, 
it  can  be  shown  that  there  exist  steamline  patterns  of  real,  i.e.  viscous, 
fluid  flows  which  are  independent  of  the  Reynolds  number.  For  instance, 
in  a  two-dimensional  duct  whose  boundaries  are  two  of  the  streamlines 
~  constant 


where 


y  -  ^ / &  +  3Ai  /  +  C<p) 


(£ polar  coordinates.  A,  B,  C  constants)  and  ifM  is  a  function  of  Z* 
which  satisfies  a  special  differential  equation  of  fourth  order  and  proper 
boundary  conditions,  the  streamlines  (logarithmic  spirals)  do  not  change 
with  the  Reynolds  number.  In  the  case  of  other  solutions  of  Navler-Stokes 
equations  they  do,  depending  on  the  circumstances.  A  paper  discussing 
such  solutions  is  being  prepared. 


In  the  following,  some  examples  of  an  experimental  investigation  of 
the  same  question  are  Included,  consisting  in  a  comparison  of  the  stack 
gas  patterns  of  the  CVA  59  ( Forres tal).  Figures  6  and  7  show  two  corre¬ 
sponding  stack  gas  patterns -full  scale  and  of  a  smoke  tunnel  model. 

Figures  8  and  9  show  two  other  corresponding  patterns.  These  examples 
demonstrate  sufficiently,  that  under  certain  circumstances  and  by  proper 
scaling  of  the  boundary  conditions,  full  scale  properties  can  be  predicted 
very  well  from  smoke  tunnel  observations  at  much  smaller  Reynolds  numbers. 

A  paper  containing  the  details  of  this  investigation  is  also  being 
prepared. 

(3)  Water  tunnel  for  flow  visualization. 

It  was  intended  to  develop  and  construct  a  gravity  water  tunnel  for 
flow  visualization,  somewhat  similar  to  that  of  Office  National  D’ Etudes 
et  de  Recherches  Aerospatiales  in  Paris,  but  with  increased  performance 
on  the  basis  of  the  smoke  tunnel  experiences.  Due  to  sickness  of  the 
principal  investigator  for  about  three  quarters  of  a  year,  this  project, 
the  project  on  visualization  of  two  phase  flow,  and  the  study  on  air 
entrainment  in  water,  had  to  be  postponed  for  a  considerable  time*  These 
projects  are  now  underway  and  will  be  continued  during  19 66. 

FUTURE  PLrWING. 

In  addition  to  the  projects  on  flow  visualization  in  water  and  in 
two-phase  media,  also  theoretical  studies  on  cavitation,  air  entrainment 
and  air  lubrication  are  planned,  depending  on  the  progress  of  the  flew 
visualization  studies  in  water. 
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MECHANISM  OF  THE  LUBRICATION  OF  METAL  SURFACES  WITH  SOLID  FILMS 


MARTIN  J.  DEVINE 


BACKGROUND. 

The  operating  environments  for  space  vehicles  and  missiles  include: 
nuclear  radiation,  low  pressures,  oxidizing  media  and  temperatures  rang¬ 
ing  from  approximately  minus  460°F  to  plus  2800°F.  Analysis  of  lubrica¬ 
tion  research  being  conducted  by  Government  and  industrial  laboratories 
covering  greases,  oils,  gases  and  solid  films  Indicates  that  the  inor¬ 
ganic  solid  films  developed  by  the  Aeronautical  Materials  Laboratory 
(AML)  offer  the  greatest  potential  for  solving  many  problems  of  space 
lubrication.  It  should  be  noted  that  a  hydrodynamic  component  exists  in 
the  mechanism  of  lubrication  for  oils,  greases  and  gases.  Accordingly, 
existing  rheological  theories  can  be  utilized  effectively  for  many  de¬ 
sign  purposes  involving  these  lubricants.  Since  viscosity  is  not  asso¬ 
ciated  with  solid  films  such  theories  cannot  be  applied.  Further,  many 
factors  which  characterize  Important  parameters  basic  to  solid  film  lu¬ 
brication  have  been  uncovered  only  recently.  These  factors  include: 
lubricant  particle  size,  metal  pretreatment,  lubricant- bear ing  reactiv¬ 
ity  and  surface  asperities.  To  date,  there  is  no  complete  quantitative 
definition  relating  the  effectiveness  of  the  solid  film  lubricant  to 
these  factors. 

The  specific  aim  of  the  program  is  to  determine  the  mechanism  by 
which  metal  surfaces  are  lubricated  by  solid  films  and  to  provide  a  de¬ 
finitive  working  theory. 

OBJECTIVES. 

Based  on  current  Aerospace  Industries  Association  estimates  for 
space  vehicle  lubrication  needs  by  1970,  and  also  on  inquiries  from  mis¬ 
sile  manufacturers  and  bearing  'ompanies  concerning  solid  film  lubri¬ 
cants,  it  is  considered  that  inorganic  solid  films  may  be  the  only  satis¬ 
factory  lubricant  for  many  of  the  applications  to  be  encountered.  Ac¬ 
cordingly,  the  results  of  a  program  which  provides  the  physico-chemical 
mechanism  of  lubricity  for  solid  films  would  accelerate  the  design  of 
the  optimum  lubricant- bear ing  system.  The  work  to  be  carried  out  under 
the  program  is  to  establish  and  define  principles  and  scientific  laws  of 
solid  film  lubrication,  and  aid  in  establishing  the  basic  technology  of 
solid  film  lubrication. 

ACCOMPLISHMENTS. 

As  a  result  of  studies  performed  from  the  *ginning  of  this  project 
to  the  last  annual  report  (30  June  1964),  a  number  of  scientific  accom¬ 
plishments  have  been  achieved:  e.g.  (1)  the  reservoir  theory  for  solid 
lubricants  was  postulated  and  established;  (2)  the  interdependence  con¬ 
cept  for  lubricant,  bearing  geometry  and  bearing  composition  was  defined; 


and  (3)  the  synergistic  effect  for  molybdenum  metal  and  metallic  sul¬ 
fides  was  established.  In  addition,  the  effect  of  vacuum- temperature 
environment  was  explored  for  inorganic  solid  films. 

Exploratory  work  conducted  since  l  July  1964  has  continued  in  four 
areas  in  an  effort  to  provide  a  range  of  information  pertinent  to  solid 
film  mechanism  and  characteristics.  This  work  is  summarized  as  follows: 

1.  The  study  of  internal  and  external  changes  for  solid  film  lu¬ 
bricants  under  dynamic  conditions  of  wear.  A  motion  picture  utilizing 
a  stroboscopic  technique  provides  for  visual  observation  of  blister 
formation  and  rupture  in  bonded  solid  film  lubricants  and  burnished  lu¬ 
bricating  films. 

2.  The  effect  of  liquid  abrasion  in  the  preparation  of  metal  sur¬ 
faces  for  solid  lubrication.  Five  different  grit  compositions  covering 
a  wide  range  of  particle  size  were  employed  to  study  the  effect  of  wear 
characteristics  for  solid  lubricants. 

3.  Experiments  to  determine  the  possibility  of  establishing  a 
general  equation  to  describe  wear  of  solid  lubricants  and  the  contribu¬ 
tion  exhibited  by  the  different  phases  of  the  wear  process. 

4.  Wear  characteristics  at  cryogenic  temperatures. 

Since  the  laboratory  program  covering  the  latter  research  area  has 
been  completed,  details  are  provided  below.  Extensi'e  data  has  been  ob¬ 
tained  for  two  of  the  remaining  three  areas;  however,  additional  experi¬ 
ments  will  be  required  to  project  the  findings.  A  detailed  report 
will  be  prepared  upon  completion  of  test  runs. 

A.  Solid  Film  Characteristics  -  Cryogenic  Temperatures.  It  has 
been  shown  that  cryogenic  fluids  exhibit  lubricant  capabilities  for 
bearing  systems  with  a  short  term  operating  interval.  The  limitations 
of  such  fluids  in  maintaining  extended  performance  were  established  by 
using  liquid  oxygen  as  the  source  of  lubricant  in  experiments  conducted 
by  AML,  and  in  low  temperature  motor  operation  using  liquid  nitrogen  in 
tests  initiated  by  Naval  Research  Laboratory  Accordingly,  it  was  con¬ 
sidered  necessary  to  develop  knowledge  covering  the  wear  life  and  fail¬ 
ure  process  for  inorganic  solid  film  lubricant  exposed  to  sliding  and 
rolling  bearing  surfaces  at  temperatures  in  the  range  of  liquid  helium. 

1.  Lhe  operation  of  a  motor  cooled  to  cryogenic  temperatures 
requires  a  lubricant  material  exhibiting  a  minor  or  zero  change  in  vis¬ 
cosity  with  decrease  in  temperature,  which  eliminates  the  use  of  known 
fluid  or  grease  lubricants.  It  should  be  noted  that  the  miniature  ball 
bearings  associated  with  a  synchronous  motor  were  designed  specifically 
for  conventional  oils  or  grease.  An  analysis  of  the  operating  environ¬ 
ment  and  bearing  geometry  imposes  the  following  requirements  on  the  lu¬ 
bricant  : 


a.  No  deterioration  when  subjected  to  extremes  of  tempera¬ 
ture  producing  different  dimensional  characteristics  for  the  substrate. 

b.  Provide  extremely  low  torque  values  over  a  temperature 
range  from  -450°F  to  77°F. 

c.  Resistant  to  mechanical  abrasion. 

d.  Minimize  friction  and  wear. 

e.  Capacity  for  being  deposited  in  &  thin  adherent  film. 

2.  It  was  also  considered  important,  ba  '•d  on  economic  con¬ 
siderations,  to  explore  a  lubricant  system  compatible  with  the  available 
miniature  bearings.  An  inorganic  solid  film  lubricant  derived  from 

Na2  0:Si02  (1:2.90)  binder  and  lubricating  solids  composed  of  molybdenum 
disulfide  and  graphite,  was  selected  for  the  initiai  runs.  This  lubri¬ 
cant  was  the  subject  of  a  previous  study  and  was  found  to  exhibit  the 
following  characteristics:  thermally  stable  from  - 300°F  to  ♦1000°F  at 
760  mm.  Hg,  resistant  to  nuclear  radiation  (gamma  dosage  *  5  x  10^r), 
compatible  with  liquid  oxygen  and  stable  in  the  high- vacuum  region. 

3.  In  preparing  the  lubricant,  M0S2  powder  and  graphite  powder 
are  mixed  in  a  beaker.  While  stirring  the  mixture  thoroughly  water  is 
added  slowly.  Continue  addition  of  water,  stirring  to  Insure  complete 
wetting  of  the  powder  mixture,  until  a  pourable  slurry  is  obtained. 

(Note  •  An  excess  amount  of  water  will  result  in  separation,  if  separa¬ 
tion  is  observed,  the  mixture  should  be  discarded  and  a  second  prepara¬ 
tion  using  fresh  constituents  started.) 

4.  The  pourable  slurry  is  added  to  sodium  silicate  solution 
with  stirring  to  obtain  a  uniform  sprayable  mixture. 

j.  The  means  devised  to  utilize  solid  film  lubricants  in  bill 
bearings  consisted  of: 

a.  Disassembling  the  miniature  ball  bearing. 

b.  Applying  the  solid  film  to  retainers  and  races. 

c.  Curing  the  solid  film. 

d.  Reassembling  the  bearing. 

6.  The  assembled  bearing  is  then  subjected  to  rotation  at 
several  hundred  rpm.  Loose  adhering  particles  of  lubricant  are  removed 
by  subjecting  the  internal  areas  of  the  bearing  to  a  stream  of  nitrogen 
gas.  The  solid  film  lubricated  bearings  were  then  placed  in  the  motor 
assembly  and  subjected  to  the  low  temperature- vacuum  environment.  The 
successful  performance  of  the  test  bearings,  as  reported  herein,  further 
establishes  the  capabilities  of  solid  lubricants  for  antifriction  bear¬ 
ings. 


7.  The  utilization  of  solid  film  lubricants  in  high  speed 
miniature  ball  bearing  applications  is  a  relatively  recent  advance  in 
the  science  of  lubrication.  Accordingly,  not  enough  is  yet  known 
about  the  wear  pattern  encountered  with  such  lubricants  in  ball  sliding 
and  rolling.  Oxidation  or  other  chemical  degradation  of  liquid  lubri¬ 
cants  is  a  frequent  cause  of  failure  of  oils  and  greases;  however,  the 
inorganic  lubricating  solid  present  in  the  solid  film  under  investiga¬ 
tion  is,  by  comparison,  more  oxidation  resistant  and  thermally  stable. 
Therefore,  it  is  hypothesized  that  ball  bearing  failure  is  due  to  the 
removal  of  the  solid  film  by  the  continual  rubbing  action  of  the  ball 
in  contact  with  the  lubricated  surfaces.  Prior  to  break-in,  the  lu¬ 
bricant  film  has  a  dull  bluish-gray  appearance;  after  break-in,  the 
surface  assumes  a  shiny  metallic  appearance  in  the  wear  zones  of  the 
ball- race  and  ball  retainer  contact.  This  difference  is  shown  in 
Figure  l.  Eventually  a  complete  removal  of  film  by  mechanical  action 
allows  metal- to-meta '  contact,  resulting  in  failure  of  the  bearing  as¬ 
sembly. 


8.  The  first  set  of  tests  were  made  with  Mo$2i  graphite  and 
sodium  silicate  lubricated  miniature  bearings  that  had  only  a  nominal 
0.0008  inch  clearance.  The  tests  were  successful  in  showing  that  the 
bearing  would  operate,  and  by  careful  selection,  would  run  continuously 
in  excess  of  160  hours  in  liquid  nitrogen. 

9.  Since  the  internal  radial  clearance  of  the  test  bearings 
ranged  from  0.0001  -  0.0008,  it  was  considered  that  significant  limita¬ 
tions  would  result  for  solid  film  lubricant  performance. 

10.  Miniature  bearings  having  a  0.0008  inch  radial  clearance 
were  then  obtained  for  additional  runs.  This  reduced  the  rejection  rate 
from  3  out  of  4,  to  less  than  1  to  10. 

11.  Continuous  life  tests  on  the  latter  bearings  gave  results 
in  excess  of  400  hours  under  the  same  test  conditions.  Lubricant 
deposition  technique  improvements  provided  for  continuous  operation  in 
excess  of  700  hours.  At  this  point,  the  test  procedure  was  changed  to 
provide  temperature  cycling  and  to  simulate  on  and  off  operation.  In 
one  long  term  cycling  test,  900  running  hours  were  obtained. 

SUMMARY. 

A.  Publications  -  Thirteen  technical  publications  and  five  reports 
have  been  completed  to  date: 

"Inorganic  Solid  Film  Lubricants,"  Journal  of  Chemical  and  engineering 
Data,  Vol.  6,  No.  1  (Jan  1961) 

"Dry  Film  Lubricants  Research,"  Bureau  of  Naval  Weapons  Bulletin  No.  3-60 

"The  Lubrication  of  Ball  bearings  with  Solid  Films,"  American  Society  of 
Mechanical  Engineers  ASME  61- LIBS- 11,  May  l9ol 
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"The  Effect  of  the  Chemical  Composition  of  Metals  and  Lubrication  by 
Solids,"  American  Chemical  Society  Publication,  April  1963 

"Antifriction  Bearing  Design  Considerations  for  Solid  Lubrication," 
American  Society  of  Mechanical  Engineers  ASME  63-MD-43,  May  1963 

"Naval  Air  Material  Center  Lubricants  Research"  (Motion  Picture), 

Nov  1962 

"Solids  and  Solid  Lubrication,"  ASLE,  12th  Annual  Lubrication  Course, 

Mar  1964 

"Molybdenum  Disulfide  Diester  Lubricating  Greases,"  Journal  of  the 
National  Lubricating  Grease  Institute,  Vol.  XXV11,  No.  10  (Jan  1964) 

"A  Review  of  Aerospace  Bearing  Research,"  USAF-SWRI  Bearing  Conference, 
Mar  1964 

"Naval  Air  Engineering  Center's  Solid  Lubricants  Program,"  BUWEPS 
Bulletin 

"Aromatic  Polyiraide  Compositions  for  Solid  Lubrication"  Luorication 
Engineering,  Vol.  20,  No.  6  (Jun  1964) 

"Solids  and  Solid  Lubrication"  Lubrication  Engineering  (Jan  1965) 

AML  Report  No.  NAMC- AML- RS- 7045/7 ,  15  Dec  1959,  Mar  1960,  Jun  1960, 

Sep  I960,  Dec  1960 

B.  Presentations  -  Twenty- four  technical  presentations,  each  by 
invitation,  have  been  made  to  sixteen  technical  societies. 

C  References  by  Other  Investigators  -  Over  100  references  to  the 
work  under  this  program  are  contained  in  various  technical  reports, 
papers,  journals,  etc. 

D.  Reviews  of  Program  -  Work  in  this  program,  has  been  the  subject 
of  eighty  reviews  by  technical  publications,  engineering  literature,  etc. 

E.  Requests  for  Reports  -  The  interest  of  the  military,  industry, 
universities,  etc.,  in  this  work  is  shown  by  their  requests  for  copies  of 
progress  reports,  publications,  etc.  Approximately  350  organizations 
have  received  these  reports,  including  twenty  in  foreign  countries. 

FUTURE  PLANS. 

Laboratory  work  to  be  conducted  in  the  near  future  wilt  include: 

1.  Characterizing  surface  effects  ‘chemical  and  physical! . 


2.  A  study  of  basic  relationships  for  chemical  reactivity,  crystal 
properties,  physical  constants  and  lubricant  wear  characteristics. 

3.  Factors  pertinent  to  lubricating  effects  for  self  lubricating 
solid  sections:  e.g.,  mechanical  stability  and  wear  rate. 
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THE  ROLE  OF  OXYGEN  IN  THE  BRITTLE  FRACTURE  OF  METALS 


EDWIN  S.  TANKINS  AND  MARSHALL  K.  THOMAS 


Background. 

A  considerable  amount  of  discussion  concerning  the  thennodvnamic  proper¬ 
ties  of  dissolved  oxygen  has  been  presented  in  recent  reports. !/  zJ 
Previous  and  forthcoming  publications  contain  detailed  descriptions  of 
the  apparatus  and  associated  electrical  system, 6/  and  the 
method  of  gas  analysis. 2/ 

As  a  result  of  a  joint  effort  between  E.  S.  Tanking  and  Prof.  G.  R.  Belton, 
Metallurgy  Department,  University  of  Pennsylvania,  a  paper  was  recently 
submitted  which  describes  a  model  that  appears  to  predict  the  thermo¬ 
dynamic  behavior  of  dilute  solutions  of  oxygen  in  liquid  metals.  It  will 
take  awhile  to  analyze  all  the  systems,  but  in  all  the  checks  made,  the 
agreement  is  excellent  between  the  predicted  and  the  experimental 
results.  It  appears  that  the  model  will  make  a  significant  contribution 
to  the  solution  theory,  and  will  enable  metallurgists  to  make  reasonable 
estimates  o'  thermodynamic  properties  of  the  systems  of  interest  to 
them. 

The  thermodynamic  studies  are  important  in  understanding  the  activity  of 
o«ygen  in  solution  and  being  able  to  control  the  oxygen  in  solution. 
Specimens  with  controlled  oxygen  can  be  subjected  to  a  series  of  tests, 
which  will  enable  the  researcher  to  understand  what  is  happening  in  the 

metal . 

Within  the  last  few  years,  there  has  been  considerable  interest  in  the 
deformatlor  mechanisms  of  the  bodv  centered  cubic  metals.  They  are 
characterized  by  an  increasing  strength  and  strain  rate  sensitivity  with 
decreasing  temperature,  and  a  characteristic  transition  te.  ^erature  from 
ductile  to  brittle  behavior.  Interstitial  impurities  also  have  a 
significant  effect  on  this  transition  temperature. 

These  basic  mechanisms  are  all  related  to  each  other,  and  several  mexieis 
have  been  proposed  to  explain  the  low  temperature  strength  character 
istics  of  the  bodv  centered  cubic  metals.  At  the  present  time,  either 
the  Pe  ie  r  1 6  -  Naba  r  ro  Force  or  the  nor.  •  corse r- at  ive  motion  of  togs  vs 
considered  the  rate  controlling  mechanism  for  plastic  defermat ion . 

Within  the  last  vear,  the  role  of  the  interstitials  in  the  deformat  ion 
and  fracture  process  in  bodv  centered  cubic  metals  has  been  studied  at 
the  Aeronautical  Materials  Laboratory  hv  investigating  the  correlation, 
between  interstitial  content  (exvgen,  nitrogen,  and  carbon'  and  strength 
in  high  puritv  rone  refined  crystals  of  Cb  and  Ta  of  controlled 


orientation,  given  different,  zone  refining  treatments  and  impure  poly¬ 
crystalline  Cb  and  Ta.  Testing  was  accomplished  over  a  range  of 
temperatures  from  4°K  to  600°K  in  simple  tension. 


In  addition  to  strength,  the  activation  volumes  and  activation  energies 
were  also  measured  by  strain  rate  cycling  at  a  constant  temperature  and 
thermal  cycling  at  a  constant  strain  rate.  The  equation  for  calculating 
the  activation  volume  is  developed  by  first  considering  deformation  in 
terms  of  a  thermally  activated  process,  where  a  dislocation  overcomes 
an  energy  barrier  by  a  combination  of  applied  stress  and  thermal 
activation.  This  can  be  expressed  by  an  Arhenius  equation: 


(H  -  V*  '“T'a)  /kT 


=  Ae 


U  =  Strain  rate 
r-  -  Applied  shear  stress 
H  =  Activation  energy 
V*  =  Lbd  =  activation  volume 
A  =  Frequency  factor 
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Differentiating  the  above  equation  with  respect  to  /  a  at  a  constant 
temperature  and  assuming  no  change  in  the  energy  barrier  as  a  function 
of  7s,  the  following  expression  is  derived  for  determining  the 
activation  volume: 

Jr,  e,  -i,  t 


V*  = 


kT  (- 


'2> 


ll 


a  2 


Differentiating  the  above  expression  in  respect  to  T  at  a  constant  strain 
rate  and  assuming  no  change  in  the  energv  barrier 


v*  ( r 


h  =  — 


ft*  '  ) 


T;  -  T 


The  results  of  this  studv  of  the  activation  volume,  activation  energv  and 
deformation  behavior  are  in  good  agreement  with  those  of  other 
investigators  nd  are  discussed  m  more  detail  in  a  paper  to  be  submitted 
for  publication. 

ub ject i ve . 

one  objective  will  be  to  find  a  workable  modeL  which  will  permit  reason¬ 
able  estimates  to  be  made  of  the  thermodynamic  properties  of  dilute 
constituents  in  mu  1 1 icomponent  systems;  the  primary  objective  of  the 
or-^ect  is  to  determine  the  effect  of  oxvgen  on  the  brittle  fracture 
characteristics  of  iron,  columbium,  tantalum,  molybdenum,  and  tungsten. 


The  information  obtained  will  aid  in  expanding  existing  models  or  develop 
new  models  which  will  explain  how  interstitial  elements  such  as  oxygen 
affect  body  centered  cubic  elements  and  lead  to  brittle  properties.  The 
project  is  also  concerned  with  fractographic  studies  which  will  give 
some  correlation  between  gas  conten  ,  orientation,  and  the  fracture 
surface.  The  over-all  purpose  is  to  gain  a  clearer  insight  into  why 
metals  are  brittle  in  thj  presence  of  such  impurities  as  oxygen. 


Accomplishments. 


The  accomplishments  prior  to  31  July  1965  have  been  listed  in  detail  in 


earlier  reports. 


1/  2/ 


The  important  contributions  in  these  reports  are 


the  number  of  papers  published,  the  overwhelming  evidence  that  Henry's 
Law  is  obeying  all  of  the  systems  investigated,  and  that  the  existing 
dilute  solution  models  were  not  adequate  to  explain  the  experimental 
results.  T,  model  that  is  being  proposed  ^  will  reduce  the  existing 
confusion. 


Since  31  July  1965,  the  principal  investigator  has: 

(1)  Zone  refined  molybdenum,  columbium,  and  tantalum  in  an  electron 
beam  zone  refiner  which  was  designed  and  built  by  Mr.  Marshall  K.  Thomas. 
Columbium  rods  have  been  zone  refined  by  induction  heated  zone  refining 
methods. 


(2)  Shown  that  there  is  a  correlation  between  rate  of  speed  in  zone 
refining,  number  of  passes  and  gas  content. 

(3)  Shown  that  there  is  carbon  pick  up  with  very  slow  speeds  due  to 
back  streaming  from  the  diffusion  pump. 

(4)  Shewn  a  correlation  between  orientation  and  Impurities  on  twinning 
and  work  hardening. 

(5)  Participated  in  a  round  robin  gas  analysis  of  refractory  metals 
for  the  Material  Advisory  Board. 

(6)  Submitted  two  progress  reports. 

(7)  Been  author  or  co-author  of  four  papers  presented  during  the  year. 
Published  the  following  papers: 

(8)  E.  S.  Tankins,  J.  F.  Erthal  and  M.  K.  Thomas,  Jr.,  "The  Thermo¬ 
dynamic  Properties  of  Dilute  Solutions  of  Oxygen  in  the  Liquid  Binary  Cu-Ni 
Alloys, ”  Jnl  Electrochem  Soc.,  1965,  Vol.  112,  No.  4,  p.  446-450. 

(9)  E.  S.  Tankins  et.  al.,  "The  Activity  of  Oxygen  in  Liquid  Iron- 
Molybdenum  and  Iron-Tungsten  Alloys,"  scheduled  for  publication  in  the 
ASM  Transactions  Quarterly.  September  1965. 
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(10)  Submitted  four  additional  papers  for  publication. 

Future  Planning. 

During  the  next  year,  the  emphasis  will  be  on  the  zone  refining  of  pure 
metal  and  alloys.  The  mechanical  properties  of  the  pure  material  will  be 
studied.  Then  the  pure  metals  and  their  alloys  will  be  subjected  to 
controlled  oxygen  atmospheres  and  the  mechanical  properties  as  a  function 
of  oxygen  content  will  be  studied.  Single  crystals  of  Cb  and  Ta  have  been 
prepared  of  controlled  orientations.  These  are  being  studied  to  see  what 
effect  speed  of  zone  refining  and  number  of  passes  has  on  mechanical 
properties.  This  will  also  allow  us  to  see  the  effect  of  orientation  on 
mechanical  properties.  Plans  are  underway  to  run  f ractographic  studies 
on  the  various  refractory  metals  that  have  been  studied.  Plans  are  also 
underway  to  prepare  Mo  and  W  for  the  same  type  of  studies. 
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A  STUDY  TO  DETERMINE  THE  OPTIMUM  SYSTEM 
FOR  BOTH  EJ ACTION  AMD  NON- BJ ACTION  TYPE  SEAT  DEIGN 
FOR  THE  ATTENUATION  Of  HIGH  G  VERTICAL  FORCES 
WHICH  RESULT  FROM  HICH  IMF  ACT  LAHDINCS  OR  CRASHES 


CLIFFORD  C.  WOODWARD 


BACICG  ROUND. 

The  problem  of  spinal  injuries  to  pilot  end  aircrevaen  as  a  result  of 
high  Impact  landings  has  bean  well  recognised  for  a  number  of  years,  and 
is  on  the  increase  for  both  ejection  and  non -eject ion  type  aircraft.  It 
is  also  a  fact  that  various  energy  absorption  devices  are  available  to 
attenuate  these  high  G  vertical  forcer?  However,  today's  aircraft  are  not 
flying  with  energy  absorption  (E/A)  built  into  the  seatSj  since  there  is 
insufficient  information  concerning  ttre  behavior  of  the  systems  under  dy¬ 
namic  crash- type  loads  to  determine  the  qptimns  system  and  its  proper  de¬ 
sign  into  the  seat  structure. 

In  order  to  obtain  that  information*  this  Investigator  proposed  the 
construction  of  a  150  ft?  vertical  drop  tower,  with  a  unique  method  of 
arresting  the  seat  and  car  through  elongation  of  fully  annealed  stainless 
steel  straps.  The  deceleration  forces  obtained  would  simulate  essentially 
a  square  wave  pattern  resembling  crash  loads  in  magnitude  and  time  duration, 
and  would  provide  a  relatively  inexpensive  method  of  obtaining-  reproducible 
crash-type  loads.  The  device  was  constructed  at  the  Aerospace  Crew  Equip¬ 
ment  Laboratory  ( ACEL>  and-  was  completed-  in  September  1961,  with  final 
acceptance  in  January  1962*  The  vertical  drop  tower,  being  of  unique 
design  snd  construction,  required  extensive  calibration  tests  end  estab¬ 
lishment  of  instrumentation  end  photographic  setup  snd  recording  methods, 
before  the  actual  work  on  this  project  could  be  initiated*  Following  a 
period  of  operation  from  acceptance  of  the  drop  tower  until  early  1964, 
it  became  obvious  that  the  braking  system  was  limited?  Although  it  did 
provide  the  designed  crash* type  loading,  It  did  not  provide  the  positive 
control  of  acceleration  and  variation  in  amali  Increments  of  G  required 
for  conducting  live  drop  teats  safely  on  the  tower.  Without  this  capabil¬ 
ity  it  was  not  possible  to  determine  the  effects  of  vertical  loadings  on 
the  human  vertebra?  and  to  correlate  between  humane  and  anthropomorphic 
dummies  for  extrapolation  in  the  high  G  region  where  only  dummies  can  be 
utilised.  Therefore,  In  April  1964,  e  contract  was  let  to  convert  the 
primary  braking  system  from  the  statnlese  steel  straps  to  one  designed  by 
Van  Zela  Associates,  consisting  of  various  combinations  of  dies  snd  metal 
banding  elements*  fhris  braking  systam  allows  positive  control  of  acceler¬ 
ation  and  variation  of  G;e  In  increments  as  small  as  1  G,  from  5  G  up  to 
SO  G  with  the  present  drop  car,  and  100  G'a  with  a  redesigned  car.  Con¬ 
trol  Is  sufficient  to  allow  live  tasting  on  this  facility.  The  braking 
device  was  completed  and  calibration  drops  made,  resulting  in  final  accep¬ 
tance  in  March  1963. 

OBJECTIVES . 

a.  To  determine  systems  and  materials  that  can  be  need  meet  affectively 
o  attenuate  to  a  tolerable  limit  tha  vertical  forces  laposad  by  high  impact 
landing*  or  crash#* ,  in  both  ejection  and  non-ajaction  type  aaata. 
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b.  To  dateralTve~thw  effects  of  nrlooi  G  loadings  on  the  human  verte¬ 
bra,  and  to  show  sort  clearly  the  aschanleas  responsible  for  spinal  injury. 

c.  To  deteralnrs  the  correlation  between  mourns  end  anthropomorphic 
duaalss  when  subjected  to  crash  forces j  for  axtnpuiatton  in  the  high  im- 
pact  region  where  only  du— lei  can  be  utilised* 

ACCQtfLISHHENTS . 

A.  Su— arv  to  1  July  196*ir  A  Halted  nuaber  of  20  G  drop  tests  were  con¬ 
ducted,  using  the  furaei  braking  ays  tea  on  an  ft/ A  ays  tea  designed  by 
Aerothera  Corporation  for  helicopter  md  trm.Tsport  type  seating,  t  erf  om¬ 
en  ce  of  the  E/A  systsa  was  determined  by  dropping  two  Identical  seats  at 
the  saae  time,  one  with  and  one  without  the  E/A  systsa  Installed*  Results 
indicated  that  the  seat  structure  was  weak  In  seeeral  load  carrying  aaabers 
which  aust  be  designed  properly  so  chat  the  B/A  systsa  will  function. 
However,  this  particular  design  is  not  an  optlaoa  systsa,  as  double  the 
static  dsslgn  load  Is  required  to  start  It  aorlngv  due  to  inherent  friction 
and  torelon  in  tha  seat  aeabeis  and  the  force  required  to  overcome  the 
inertia  of  the  aaeer  Approximately  50  milliseconds  of  crash  attenuation 

by  the  E/A  system  le  sufficient  to  preclude  bottoming  out  and  conaequent 
overshoot  of  the  load  Into  the  seat  occupant. 

B .  From  1  July  1964  to  1  July  1965r  Following  completion  of  the  new  Van 
Zelm  braking  ays  tarn  in  September  156Af  a  nuaber  of  calibration  drupe  were 
conducted  prior  to- accept sneer  One  failure  of  e  AO  G  strap  etment  required 
Investigation  and  results!  In  closer  astsrlal  control ,  with  e  later  change 
froa  black  Iron  to  fully  annealed  stainless  steely  Final  acceptance  of  the 
new  braking  system  occurred  In  March  1965  following  a  final  AO  G  calibration 
drop. 


An  B/A  system,  consisting  of  a  fully  son  as  tad  stainless  steel  strap  and 
slldsT  aechantsa  aa  designed  for  the  P?U»3  ejection  meaty  war  as  unted  on 
an  F7U*3  seat  and  drop  -tasted  on  5  May  W65  under  e  35  G  crash  condition. 
The  seat  and  ear  were  fully  Instrumented ■  The  -ft/ A  systsa  le  so  designed 
to  elongate  and  absorb  energy  above  20  Or  A  -failure  of  suae  of  the  teat 
covenants  prevented  satisfactory  operation  of  the  E/A  system.  As  the 
F71K3  seat  la  obsolete  and  therefore  difficult  to  obtain,  an  A4  Douglas 
•aat  was  subatltuted  and  the  systsa  modified  for  compatibility.  A  40  o 
drop  wea  conducted  on  17  June  1965;  the  results,  ee  shown  in  Fig.  1,  show 
energy  attenuation  froa  39  G,  ee  recorded  on  tha  -vertical  rel * s ,  to  26  G 
in  the  duanry* s  cheat  cavity,  for  e  period  of  A6  all  11  seconds  until  the  E/a 
system  bottoasd  outr  The  crash  loading  wee  applied  for  a  longer  period  of 
tias  than  that  for  which  tha  *ystaa  was  deslgnad,  to  thaw  tha  effect  of  t/.. 
while  functioning  and  when  bottoasd  out-.  The  fluctuation  of  the  instrumen¬ 
tation  trace  recorded  on  the  vertical  rails  Is  a  result  of  the  vibration 
and  flexure  of  the  rails  during  deceleration,  end  cannot  easily  be  elimi¬ 
nated  without  losing  performance  date.  Correlation  with  high  speed  photo¬ 
graphic  Interpretation  will  perhaps  supply  the  answer  to  better  recording 
analysis. 

FUTURE  PLAHS. 

During  the  next  fiscal  year,  it  le  planned  to  determine  the  E/A  charac¬ 
teristics  of  other  eye  teas  presently  available  for  both  ejection  and  now 
ejection  type  east  design  for  attenuating  high  C  vartlcal  forces.  When 


•nough  data  has  baan  obtained  on  tha  various  aathuda  and  wtwtrti  mlh 
•bla,  It  ahculd  ba  poaalbla  than  to  data  rain  a  a  ayataa  nhtch  nttl  bast 
parfora  eha  function  of  K/A  in  tha  Tarlous  typaa  of  aaat  datlgn,  both  ajac- 
tlon  and  non-sjactlon?  Mur,  It  la  plamtad  to  condoct  a  control  tad  a  aria  a 
of  lira  and  duaay  dropw  togathsr  at  tha  bovar  dacataratton  loada  to  eorra- 
lata  for  pradlctlon  of -ho— n  raacttonr  at  thahtghar  G*r  ahara  only  do— laa 
can  ba  uaad.  Tha  offset  of  tha  vortical  craah-  typs  fore as  on  tha  ho—n 
•plna,  particularly  -±ir  tha  nsek  araa;  alll  ha  atudlad  through  high  apaad 
photography  for  uaa-  In  craah  typa  raaaarch  and  do— y  riant  at  Ion  of  h— an 
raaponaa. 


THE  PERMEATION  OF  SALT  WATER  THROUGH  ORGANIC  PROTECTIVE  COATINGS 
USING  RADIOACTIVE  TRACER  TECHNIQUES 


ALFRED  L.  GLASS 


Background 

The  Navv  Department  is  conducting  extensive  research  programs  to  develop 
barrier  materials  and  organic  protective  coatings  for  minimizing  deterioration 
caused  by  corrosion.  Since  organic  coatings  and  barrier  materials  are  mem¬ 
branes,  they  may  be  permeable  to  air,  water  and  various  electrolytes  in  solution. 
Therefore,  the  laws  of  diffusion  and  electroendosmosis  may  be  involved  in  the 
mechanism  of  permeation  and  the  resultant  corrosion,  in  order  to  develop  more 
efficient  barriers  and  protective  coatings,  the  mechanisms  of  permeation  through 
these  films  must  be  more  fully  understood.  Previous  investigations  did  not 
determine  the  quantities  of  permeating  materials,  since  they  were  either  too 
minute  to  be  measured  accurately  by  analytical  chemical  means,  or  were  in  forms 
that  did  not  lend  themselves  to  ordinary  analytical  techniques.  However,  with 
the  advent  of  radioactive  tracer  chemicals  and  techniques,  a  direct  approach 
Is  available,  in  which  micro  quantities  of  a  tagged  chemical  may  be  accurately 
determined  and  even  followed  through  processes  under  environmental  conditions 
similar  to  those  that  exist  when  such  materials  are  in  use. 

Objectives 

The  specific  aims  of  this  program  then  are:  (1)  to  use  radioisotopes  to 
establish  fundamental  data  on  the  mechanism  of  salt  water  permeation  through 
organic  protective  films;  (2)  to  investigate  the  effect  of  incorporated  resins, 
pigments  and  corrosion  inhibitors  on  the  permeation;  and  (3)  to  apply  the  radio¬ 
active  tracer  techniques  to  obtain  accurate  fundamental  data  concerning  protective 
coatings  used  by  the  Bureau  of  Naval  Weapons. 

Accomplishments 

A.  Prior  to  30  June  1964 


Radioactive  tracer  procedures  have  been  developed  and  evaluated  for 
measuring  the  rates  of  diffusion  of  the  chloride  ion,  sodium  ion  and  water 
molecules  through  membrane s^/-i/-i/ 

Employing  these  methods,  determinations  of  the  rates  of  diffusion  of 
these  ions  and  water  were  made  for  eight  films  representing  typical  protective 
coatings  ar 4  barrier  materials  used  by  the  Bureau  of  Naval  Weapons  for  corrosion 
protection  Experimental  work  was  performed  to  investigate  the  effect  on  ionic 
diffusion  of  various  factors,  such  as  the  concentration  of  sodium  chloride  in 
solution  and  the  thickness  of  the  film.  A  detailed  analysis  of  all  the  diffusion 
data  indicated  that  an  additional  factor  beside  pore  diameter  and  size  of  hydrated 
ions  is  involved  in  the  mechanism  of  diffusion  through  a  membrane.  This  factor 
is  the  concept  of  ionic  charges  appearing  upon  the  walls  of  the  oores  of  a  mem¬ 
brane  as  a  result  of  the  hydrolysis  of  certain  groups  which  are  a  part  of  the 
polymer  molecule.  Thus,  a  membrane  can  be  perm-selective  in  that  ions  of  the 
same  charge  as  that  on  the  walls  of  the  pores  are  prevented  by  electrical  repulsion 
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from  permeating  through  the  film,  allowing  only  the  ions  of  opposite  charge 
to  pass  through.  It  was  further  demonstrated  that  the  permeation  is  charac¬ 
teristic  of  a  Fickion  diffusion  process  for  which  the  simplified  equation 
q  =  DAt  is  applicable,  where: 


q  *  the  quantity  transferred  in  time  t 

D  =  the  permeability  constant  (diffusion  coefficient,  g.  hr'^,  sq.cm'  ,  mil'*) 
A  is  the  cross  sectional  area  of  the  film  and 
1  is  the  film  thickness 

The  permeability  constant  D  may  be  calculated  from  the  above  equation  by 
substituting  the  experimental  values  for  q  and  t  when  a  steady  flow  has  been 
reached. 


Subsequent  to  30  June  1964 


The  effect  of  a  pigment  in  a  protective  coating  on  the  diffusion  of 
ions  through  a  film  was  investigated.  The  rates  of  diffusion  of  the  chloride 
ion  and  the  sodium  ion  were  determined  through  free  films  prepared  from  the 
formulations  shown  in  Table  1.  The  experimental  results  are  also  Included  in 
this  table.  An  analysis  of  these  results  shows  that  the  rates  of  diffusion 
for  both  ions  decrease  as  the  quantity  of  pigment  increases.  For  each  formulation, 
the  relationship  between  the  measured  rate  of  sodium  ion  diffusion  and  the  theo¬ 
retical  rate  of  sodium  ion  diffusion  (calculated  from  the  measured  rate  of  chloride 
ion  diffusion)  remains  unchanged.  That  is,  for  the  epoxy  polyamide  films,  the 
measured  rate  of  diffusion  for  the  sodium  ion  is  always  greater  so  that  the  charge 
on  the  walls  of  the  pores  remains  negative.  The  opposite  is  noted  in  the  case 
of  the  acrylic  nictrocel lulose  lacquer  film  where  the  charge  on  the  walls  of  the 
pores  remains  positive.  From  these  observations,  it  is  then  concluded  that  the 
TiCS  pigment  in  these  protective  coatings  diminishes  the  flow  of  ions  through 
the  films  by  acting  as  a  barrier  in  blocking  the  pores,  and  has  no  effect  on  the 
hydrolysis  reactions  affecting  the  charges  on  the  walls. 


The  radioactive  tracer  procedure  for  the  determination  of  the  diffusion 
of  water  through  a  free  film  is  de sc ribed.il/' This  procedure  was  used  to  determine 
the  rates  of  diffusion  at  various  time  intervals,  through  neoprene,  acrylic- 
nitrocellulose,  and  epoxy  polyamide  free  films.  The  results  are  tabulated  in 
Table  2.  These  measurements  were  made  to  determine  the  possibility  of  obtaining 
information  concerning  the  structural  changes  that  may  take  place  in  an  organic 
protective  coating  exposed  to  water.  The  data  in  Table  2  for  each  film  were 
examined  statistically.  It  was  found  that  for  each  film,  less  than  30^  of  the 
values  exceeded  the  standard  deviation.  This  Indicated  compatibi lltv  with  the 
Gaussian  curve  for  which  the  predicted  value  for  the  probability  of  observing 
an  error  greater  than  the  standard  deviation  is  31.?*  of  the  observations.  Thus, 
it  is  shown  statistically  th£t  the  individual  values  in  each  set  of  figures  do 
not  vary  from  that  for  a  one  day  exposure  time  to  that  for  a  40  day  period, 
indicating  that  any  "swelling"  action  that  water  might  have  on  these  films  does 
not  affect  the  "geometry"  of  the  pores  for  should  there  have  been  an  effect, 
it  would  have  resulted  in  either  an  increase  or  a  decrease  in  the  rate  of  dif¬ 
fusion  of  water. 


RATE  OF  DIFFUSION  OF  WATER  THROUGH  FREE  FILMS  AT  VARIOUS  TIME  INTERVALS 


R^ce  of 

Diffusion  r  hr*  sq. 

-l  i  1  -  1 

cm  mi  1 

Elapsed  Time 

Neoprene  Film 

Nitrocel lulose 
Acrylic  Film 

Epoxy  Polyamide 
Film 

1  day 

1.01  x  IO’3 

2.90  x  10*4 

1.25  x  IO*4 

3  days 

.... 

1.27  x  IO*4 

4  days 

1.00  x  iO'3 

2.95  x  IO*4 

1.27  x  IO*4 

6  days 

0.87  x  IO"3 

— 

.... 

7  days 

-  -  -  - 

.... 

1.31  x  IO*4 

8  days 

— 

1.39  x  IO*4 

11  days 

-  -  -  - 

3.05  x  U  -4 

1.46  x  IO-4 

15  days 

k.  ^5  x  1 C 

.... 

16  days 

— 

.... 

1.37  x  IO*4 

20  days 

0.88  x  IO*3 

.... 

.... 

21  days 

1.10  x  IO'3 

.... 

— 

22  days 

---- 

.... 

1.15  x  IO*4 

23  days 

-  -  -  - 

.... 

1.58  x  IO*4 

25  days 

— 

3.15  x  10*4 

.... 

27  days 

0.99  x  IO*3 

3.45  x  IO*4 

.... 

29  davs 

-  ... 

-1 

1 

o 

X 

o 

* 

— 

30  days 

0.95  x  IO'3 

.... 

1.3C  x  10  4 

31  days 

— 

.... 

I .22  x  10‘4 

32  davs 

.... 

3.10  x  IO'4 

— 

35  aavs 

— 

3.05  x  IO*4 

1.2*  x  10' 4 

36  davs 

— 

1.31  x  IO*4 

40  davs 

1.10  x  IO*3 

3.25  x  IO’** 

1.29  x  IO'4 

TABLE  2 


Future  Plans 


Investigations  will  be  made  of  the  mechanisms  by  which  slightlv  water 
soluble  corrosion  inhibitor  pigments  incorporated  in  a  film  affect  the  rates 
of  diffusion  of  chloride  and  sodium  ions. 
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APPLICATION  OF  POT ENT 10 STATIC  AND  GALVANOCTATIC  TECHNIQUES 
TO  THE  STUDY  OF  INTERGRANULAR  CORROSION  IN 
HIGH  STRENGTH  ALUMINUM  ALLOYS 

MRS.  SARA  J.  KETCH  AM 


Background . 

The  effect  of  metallurgical  factors  on  the  electrochemical  behavior  of 
high  strength  aluminum  alleys  is  a  subject  of  great  interest  in 
connection  with  the  use  cf  these  alloys  for  naval  aircraft.  The  most 
serious  types  of  corrosion  encountered  are  exfoliation  and  stress 
corrosion,  both  of  which  are  due  to  preferential  attack  along  grain 
boundaries . 

Intergranular  corrosion  in  the  aluminum- copper  alloys  has  been  general  re¬ 
attributed  to  the  depletion  of  copper  from  areas  adjacent  to  grain 
boundaries  during  slow  cooling  following  solution  heat  treatment.  The 
depletion  is  a  function  of  the  free  energy  of  formation  of  precipitates 
at  the  grain  boundary  and  the  diffusion  of  constituents  to  the  grain 
boundaries.  Both  are  dependent  upon  temperature,  and  the  amount  of 
depletion  should,  therefore,  be  a  function  of  the  quenching  rate. 

With  this  as  the  basic  assumption,  a  comprehensive  study  has  been  made 
of  the  mechanism  of  intergranular  corrosion  as  it  is  related  to  quenching 
rate,  and  the  relationship  between  intergranular  corrosion  susceptibility 
and  stress  corrosion  susceptibility.  The  effect  of  quenching  rate  on 
corrosion  potentials,  degree  of  intergranular  corrosion  susceptibility 
and  microstructure  in  the  commercial  alloy,  2024,  was  determined  first. 
The  experience  gained  in  that  study  led  to  the  conclusion  that  for  any 
real  understanding  of  basic  mechanisms,  it  was  desirable  to  go  back  to 
an  Al-4%  copper  binary  material  and  add  one  element  at  a  time  in  order 
to  determine  the  effect  each  addition  had  on  the  precipitation  process 
and  on  the  electrochemical  behavior  of  the  alloy.  Experiments  have  been 
conducted  to  determine  the  effect  of  quenching  rate  on  susceptibility 
to  intergranular  and  stress  corrosion  for  an  Al-4%  Cu  binary  alloy  and 
an  Al-4%  Cu-1.5  Mg  ternary  alloy. 

To  facilitate  study  of  the  electrode  kinetics  of  reactions  involved  in 
intergranular  corrosion,  an  electrochemical  model  for  an  Al-Cu-Mg  alloy 
susceptible  to  intergranular  corrosion  was  assumed.  This  consists  of 
(1)  homogeneous  solid  solution  in  the  center  of  the  grain  represented 
by  tht  ternary  Al-Cu-Mg  alloy  cold  water  quenched,  and  therefore,  not 
susceptible  to  intergranular  corrosion;  (2)  the  precipitate  A^CuMg 
(referred  to  as  the  S  phase  in  the  Al-Cu-Mg  equilibrium  phase  diagrams); 
and,  (3)  a  depleted  zone  at  the  grain  boundary  represented  by  pure 
aluminum.  Potential  and  polarization  data  were  obtained  on  these  three 
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phases  separately,  and  results  of  the  cooling  rate -corrosion  potential 
experiments  interpreted  on  the  basis  of  this  model. 

Objective. 

The  objective  of  this  investigation  was  to  determine  the  effect  of 
metallurgical  factors  on  the  electrochemical  behavior  of  structural 
aluminum  aircraft  alloys,  using  potentiostatic  and  galvanostatic 
techniques.  The  ultimate  aim  was  to  learn  more  about  the  mechanism 
of  intergranular  corrosion  in  hopes  of  devising  methods  to  avoid  or 
minimize  it. 

Accomplishments. 

1 .  Prior  to  30  June  1964 


a.  The  relation  between  quenching  rate,  corrosion  potential,  and 
intergranular  corrosion  susceptibility  was  determined  for  the  commercial 
2024  aluminum  alloy  in  the  solution  heat  treated  and  naturally  aged 
condition.  With  decreasing  cooling  rate,  corrosion  potentials  became 
more  anodic  and  intergranular  corrosion  susceptibility  became  more 
pronounced. 

b.  The  kinetics  of  the  depleted  zone  represented  by  pure  aluminum, 
was  studied  in  NaCl  solutions.  Effect  of  variations  in  chloride  ion 
concentration  and  pH  was  included.  Based  on  the  results,  a  theory  was 
presented  that  the  corrosion  potential  of  aluminum  and  its  alloys  is 
believed  to  be  a  function  of  the  type  of  halide  and  its  concentration, 
as  well  as  the  activity  of  the  basis  metal.  The  rate  of  corrosion  is 
believed  to  be  controlled  by  the  cathodic  limiting  current  for  the 
reduction  of  hydrogen,  which  is  a  function  of  the  local  hydrogen  ion 
concentration  and  the  oxide  film  thickness. 

c.  Experiments  relating  quenching  rate  and  corrosion  potentials  with 
intergranular  corrosion  susceptibility  have  been  repeated  on  high  purity 
binary  (Al-47,  Cu)  and  ternary  (A1-4Z  Cu-1.57.  Mg)  alloy'.  The  Al-Cu-Mg 
showed  the  same  dependence  of  intergranular  corrosion  susceptibility  on 
quenching  rate  as  did  the  commercial  material,  and  the  same  correlation 
with  corrosion  potential  measurements.  The  binarv  Al-Cu  material  showed 
little  or  no  susceptibility  to  intergranular  corrosion  except  at  very 
slow  quenching  rates,  and  no  correlation  of  corrosion  potentials  with 
quenching  rates, 

2 .  From  1  July  19b4 

a.  The  relationship  between  intergranular  and  stress  corrosion 
suscept  l  bi  1  i  t  v  has  been  determined  for  the  binary  and  temarv  allovs  in 
neutral  and  acidified  salt  solutions.  Electron  transmission  microscopy 
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studies  have  also  been  completed  Results*  neutral  solutions,  are 
presented  graphically  m  Figure  1,  and  can  be  summarized  as  tolijws 

(1)  The  binary  Al-Cj  alloy  is  susceptible  to  stress  corrosion 
cracking  when  slowly  quenched,  even  thougn  corrosion  potentials  ar.d 
accelerated  corrosion  tests  indicate  little  or  no  susceptibility  _o 
intergranular  corrosion,  and  the  structure  evinces  very  little  sign  of 
preferential  precipitation. 

'  2 )  Ine  slowly  q-*encned  cernaxj  auo  .  tA.itir.ti)  sus^ep.iDie 
to  intergranular  corrosion  -  as  results  of  accelerated  corrosion  tests, 
and  potential  measurements  would  indicate  ine  application  of  stress 
accelerates  the  intergranular  attack 

(3)  Intermediate  quenching  rates  Cin  produce  stress  corrosion 
cracking  in  the  ternary  alloy  wntn ,  as  w*:h  tne  binary  ailo^,  results 
of  accelerated  corrosion  tests,  potential  measurements,  and  degree  of 
precipitation  indicate  a  very  slignt  propensity  toward  intergranular 
attack. 

In  other  words,  there  is  r.o  indication  ot  tne  existence  ot  any  continuous 
anodic  paths  without  stress  Stress  seems  actually  to  initiate  tne 
intergranular  attac^,  providing  strong  support  ior  .ne  .heoty  ot  hoar  i-' 
and  others,  of  the  electrochemical  effect  or  stress  or  so-called  strain 
induced  depolarization. 

b.  In  acidified  salt  solutions,  c^me  to  failure  Wr.s  decreased  oy  a 
factor  of  ten. 

c.  Potential  and  polar izat ion  experiments  or  tne  separate  parses 
indicated  that  potential  differences  between  tne  phases  art  great  er.uugn 
to  aliow  for  the  flow  of  fairly  large  galvanic  Currents  prodding  tne 
phases  were  behaving  as  independent  electrodes  as  assumed  by  ,ne 
electrochemical  model  The  valid. ty  of  the  model  w  .s  proved  experiment¬ 
ally  by  polarizing  a  siowl*  quenched  specimen  at  a  pc:e...*ai  wn^t 
should  cathodically  protect  two  phases  and  anoa.caiiv  dissolve  tne  gra.n 
boundary  areas.  Results  are  given  in  Figure  2  Atta^K  was  produced  rt 
grain  boundaries  and  other  areas  remained  unattached 

d  Chemical  inhomogeneity  therefore  i.s  undoubtedly  respons  *  ole  tor 
intergranular  attack  in  siowl  .  quenched  Ai-Cu-Mg  aii-.  s,  Out  does  no: 
account  for  intergranular  fa. lures  m  material  w*tn  faster  quer.cn*ng 
rates.  An  electrochemical  mechanism  tor  this  requires  tne  existence  of 
a  small  anode  area  m  relation  to  that  of  tne  cathode  so  : na_  hign  ^nodic 
current  densities  can  produce  and  m  tntai:.  nignl  localized  uttacK  and 
acidity.  A  possible  sequence  of  reactions  is  proposed  below 

(1)  Attack  oi  cracK  initiation  under  stress  .n  eitner  neutral  or 
acidified  chloride  solutions  conceivably  could  be  dje  to  straining  and 
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1.5 

No  Attack 

Cold  Water 

800°C/aec 
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1.5 

No  Attack 

*pH  adjusted  with  cone. 


rupture  of  the  oxide  film  at  weak  points,  such  as  grain  boundaries.  Once 
started,  attack  will  tend  to  continue  downward  along  grain  boundaries, 
producing  crevices. 

(2)  Work  by  Lorking  and  Mayne  2/  and  others  3/  has  provided  strong 
evidence  that  the  corrosion  product  in  neutral  chloride  solutions  is 
aluminum  chloride.  Oxygen  would  not  have  ready  access  to  the  crevice, 
and  the  formation  of  aluminum  chloride  would  contribute  to  localized 
acidity  making  film  repair  difficult.  Ulti'ately,  the  cathodic  reaction 
in  the  crevice  could  change  from  oxygen  redaction  to  hydrogen  ion 
discharge. 

(3)  Stern's  -  work  points  to  the  possibility  that  the  cathodic 
area  increases  as  the  hydrogen  ion  activity  increases  (possibly  caused 

by  greater  hydrogen  adsorption),  and  a  decrease  in  the  anode  area  results 
Uhlig  ^  indicates  that  for  metals  of  fairly  high  hydrogen  overvoltage 
such  as  aluminum,  the  discharge  of  tne  hydrater  hydrogen  ion  is  apparently 
the  slow  step: 


H*  --->  H  (ads)  -  e' 

Work  by  Bockris  and  others  shows  that  stress  .r.  a  steel  membrane 
increases  the  surface  coverage  of  hydrogen  atoms.  A  change,  then,  of 
the  cathodic  reaction  within  the  crevice  to  hydrogen  ion  discharge  and 
an  increase  in  the  hydrogen  coverage  by  stress,  could  decrease  the  anode 
area  producing  the  necessary  conditions  for  a  high  anodic  current 
density  at  tne  root  of  the  crevice,  promoting  intergranular  penetration, 

e.  To  summarize.  as  a  result  of  this  investigation,  a  theory  nas 
been  proposed  to  explain  intergranular  stress  corrosion  failures  in 
presumably  non-susceptible  Al-Cu-Mg  alloys,  Dased  on  the  electrochemical 
effect  of  stress  which  is  believed  to  be  tne  result  of  strain  induced 
depolarization  of  the  anodic  phase  or  phases  and  stress  induced  increase 
in  the  surface  activity  of  hydrogen  ions. 

f.  There  are  also  several  practical  implications  of  this  worn 

(1)  Accelerated  corrosion  testing  of  unstressed  specimens  has 
been  shown  to  oe  inadeMuate  for  predicting  service  behavior  where  parts 
will  usually  be  under  a  stress. 

(2)  Initiation  ot  intergranular  attack  and  rate  of  penetration 
proceeds  much  more  rapidly  in  acidified  salt  environments  than  in  neutral 
salt  environments.  Since  the  corrosion  environment  of  an  aircraft  carrier 
provides  not  only  salt  spray  but  also  some  sulfuric  acid  formed  from  the 
sulfur  in  the  stack  gases,  consideration  should  b  given  to  the  possibil¬ 
ity  of  incorporating  a  neutralizing  substance  into  the  water  used  to 

wash  down  aircraft  while  or.  carrier  duty. 


*■ 


g.  Three  progress  reports  and  two  papers  have  been  published  to 
date.  Two  additional  papers  have  been  presented  and  will  be  combined 
for  publication  in  the  near  future. 

Future  Planning. 

None.  Project  terminated  as  of  30  June  1964.  At  the  time  this  work  was 
initiated,  little  use  had  been  made  of  potentiostatic  techniques  for  the 
study  of  intergranular  corrosion  in  aluminum  alloys.  Since  that  time, 
their  use  has  been  growing  steadily.  It  is  believed  that  use  of 
electrochemical  techniques  to  study  stress  corrosion  and  hydrogen 
embrittlement  in  high  strength  steels  is  more  in  the  interest  of  the 
Navy,  at  the  present  time,  than  to  continue  investigation  on  aluminum 
alloys  which  appears  to  be  receiving  adequate  attention  elsewhere. 
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SHEMM  J,  ELLUL  fn&mMIfl 


Background. 

The  Aerospace  Crew  Equipment  Laboratory  (ACEL)  is  engaged  in  a  variety  of 
programs  involving  the  development  and  evaluation  of  personal  safety  equipment 
for  the  naval  aviator.  Much  of  this  equipment  has  a  psychological  as  well  *  *» 
physical  impact  upon  the  user.  How  much  of  an  impact  is  not  always  known 
because  of  a  paucity  of  reliable  criteria  with  trfiich  to  measure  it.  Even 
where  the  fact  of  an  impact  is  known,  its  effects  upon  precise  motor  performance 
and/or  instantaneous  decisions  required  in  high  performance  aircraft  cannot 
be  determined  easily.  The  present  program  was  undertaken  with  these  problems 
in  mind. 

Previous  observations  have  indicated  that  conditions  which  induce  stress 
in  human  subjects  are  associated  with  concomitant  increases  in  tne  tensions  of 
skeletal  muscles.  It  has  also  been  observed  that  when  tensions  in  muscles  are 
increased,  their  electrical  activities  (Muscle  Action  Potentials  or  MAP)  are 
'ikewise  increased.  By  definition,  then,  muscles  are  said  to  be  "stressed" 
whenever  they  are  active  above  their  normal  basal  levels.  Therefore,  it  can 
be  postulated  th*t  the  electrical  activities  of  active  skeletal  muscles  are 
functionally  related  to  the  state  of  tension  or  "stress"  in  the  muscles.  The 
MAP  can  be  picked  off  the  surface  of  the  skin  with  electrodes,  amplified,  and 
analyzed.  Thus,  MAP  can  be  employed  as  an  operational  measure  of  the  increased 
muscle  tensions  associated  with  stress- indue :ng  conditions. 

The  tension  n  skeletal  muscles  can  be  induced  in  a  variety  of  ways.  Any¬ 
thing  that  induces  tension  in  muscles  is  termed  a  "stressor."  Stressors  which 
have  been  employed  in  experimental  settings  may  be  divided  into  two  broad 
categories  -  the  physical  and  the  psychological.  Physical  stressors  include 
direct  muscle  loading,  muscular  exercise,  thermal  extremes,  reduced  oxygen 
intake,  and  a  variety  of  other  conditions  in  which  physical  variables  are 
altered  to  produce  elevated  levels  of  MAP.  Psychological  stressors  include 
mental  effort,  feelings  of  failure,  and  a  variety  of  internal ly-generated  anxieties 
resulting  from  stieuli  which  the  individual  believes  to  be  a  threat  to  his 
physical  or  psychological  well-being.  An  important  aspect  of  the  program  is 
to  examine  the  functional  relationships  between  the  physical  and  the  psycholo¬ 
gical  stressors,  and  to  attempt  to  determine  whether  some  sort  of  functional 
equivalence  between  these  two  classes  of  stressors  can  be  established  with 
respect  to  their  mutual  effects  upon  performance. 

Although  in  a  theoretical  context,  other  invest igators  IJ ,  2J,  3J ,  have 

suggested  that  the  relat ionships  between  muscle  tensions  and  performance  may  be 
a  function  of  the  means  by  Which  the  wscle  tensions  were  induced,  Klein 
has  obtained  actual  experiment  evidence  that  the  relationships  were  less 
dependent  upon  how  the  tensions  (as  measured  by  MAP)  were  induced  than  upon  the 
specific  aspect  of  performance  which  was  measured. 


Certain  stressors  have  been  studied  exper imental ly ;  however,  functions 
relating  stress  (as  measured  by  HAP)  to  various  kinds  of  stressors  may  differ 
widely.  The  purpose  of  the  present  program  Is  to  explore  more  fully,  both  in 
kind  and  in  extent,  the  functional  relat ionships  between  stress  and  various 
stressors  and,  vrttere  possible,  to  obtain  functional  relationships  between 
stress  and  performance- 

Based  upon  the  preceding  theoretical  and  empirical  considerat ions,  a  Hotor 
Theory  of  Stress  was  developed.  The  theory,  in  part,  asserts  that:  (I)  the 
HAP  of  musculature  involved  in  any  given  action  is  a  function  of  level  of 
systemic  stress  during  that  action,  and  (2)  irrespective  of  how  induced,  the 
di rect ional i ty  of  the  relationship  between  HAP  and  any  given  measure  of 
performance  is  uniquely  defined.  A  schematic  diagram  of  our  theoretical  frame¬ 
work  is  presented  in  Figure  1. 

A  further  conjecture  was  developed  following  this  theoretical  approach. 

It  was  hypothesized  that  not  only  .the  absolute  level  of  HAP  activity  was  a 
relevant  variable  in  the  analysis%f  the  effects  of  HAf  upon  performance,  but 
that  the  distributions  of  HAP  throughout  the  body  might  also  be  of  interest, 
particularly  with  respect  to  changes  c f  visual  perception.  Certain  stressors 
cause  relatively  greater  increases  in  HAP  at  one  luxation  of  the  body  than 
at  another  location.  Thus,  analyses  of  HAP  as  a  function  of  body  locus  may 
be  of  particular  value  in  exploring  the  effects  of  these  stressors,  especially 
as  they  influence  visual  perceptual  functioning.  Therefore,  a  separate  phase 
of  the  program  is  concerned  with  bio-electric  responses  associated  with  visual 
perceptual  changes 

In  addition  to  the  HAP  parameters  of  intensity  and  location,  a  third  parameter 
is  also  of  interest.  Since  the  HAP  signal  obtained  by  means  of  surface  electrode 
recording  techniques  is  comprised  of  the  electrical  activities  of  many  discrete 
muscle  fibers  firing  at  different  rates  and  with  different  degrees  of  syn».nrony 
or  asynchrony,  the  frequency  spectrum  of  the  HAP  signal  may  also  be  of  interest. 

By  employing  frequency- i ntensi ty  analyses  of  the  MAP  signal,  further  information 
concerning  the  underlying  neuro-muscu I ar  substratum  may  be  obtained.  If  precision 
and  "smoothness"  of  motor  skills  depend  upon  the  frequency  response  character¬ 
istics  of  the  musculature  employed  in  the  per formance  of  skilled  tasks,  then 
analyses  of  the  typ:  outlined  above  should  provide  a  means  of  quantifying  these 
aspects  of  the  muscular  activity. 

Objective. 

To  explore  the  effects  of  various  types  of  stressors  on  the  bio-electric 
responses  of  human  subjects  and  to  study  the  relationships  between  bio-electric 
.esponses  and  their  effects  upon  concomi tant  motor  and  mental  per formance 

Success  ir  the  overall  program  will  lead  to  (I)  a  better  operational  defi¬ 
nition  of  systemic  stress  to  include  both  momentary  and  long-term  ses.  (2) 

the  development  of  a  simple  and  reliable  stress  index,  ana  (3)  the  Cevt'OfXnent 
of  a  method  fc  quantifying  and  quantitatively  expressing  the  e*»ect:  of  stress 
upon  human  performance. 
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In  order  to  obtain  reliable  quantitative  data  of  the  type  outlined  in  the 
preceding  section  of  this  report,  two  fundamental  requirements  must  be  met: 

(I)  the  electrodes  employed  to  pick  up  the  bio-electric  signals  must  be  cor¬ 
rectly  positioned  over  the  musculature;  and  (2)  the  equipment  employed  for 
amplifying  and  analyzing  the  bio~elect>  ic  signals  must  be  of  high  ga'n,  of 
low  internal  noise,  and  extremely  accurate. 

To  meet  the  first  of  these  requirements,  namely  that  of  correct  electrode 
placement,  a  series  of  anatomical  studies  of  skeletal  musculature  was  undertaken. 
Following  these  studies,  several  anatomical  sketches,  indicating  the  loci  of 
various  muscle  groups,  were  prepared  in  order  to  facilitate  correct  electrode 
placement.  Samples  of  these  sketches  are  presented  in  Figure  2. 

The  second  requirement,  that  of  precise  and  accurate  high-gain,  low  noise 
equipment  has  involved  a  continual  program  of  development  and  improvement. 

Our  present  recording  and  analyzing  facility  is  the  result  of  several  years 
of  development.  The  facility  is  pictured  in  Figure  3,  and  a  flow  chart  of 
its  various  operations  is  presented  in  Figure  4. 

Ac como 1 i shments. 

Summary  to  I  July  1964.  Previous  findings  indicate  that: 

1.  The  amount  of  energy  expended  in  the  performance  of  a  simple  motor  task 
is  affected  by  subjective  feelings  of  success  or  failure.  When  the  subject  feels 
that  he  is  successful,  he  expends  less  energy  to  perform  a  given  task  than 

when  he  feels  that  he  is  failing  .5J 

2.  The  amount  of  energy  expended  in  the  performance  of  a  simple  conceptual- 
motor  task  (card-sorting  by  means  of  a  coded  finger- tapping  task)  is  influenced 
by  the  subject's  estimated  probability  of  his  succeeding  in  the  performance 

of  the  task.  VAien  £s  feel  that  there  is  a  chance  of  succeeding  in  the  performance 
of  a  task,  their  HAP  levels  tend  to  be  higher  than  when  they  feel  that  there 
is  no  chance  of  succeeding  in  the  performance  of  the  task  .6j 

3a.  In  the  performance  of  an  isotonic  work  task,  the  HAP  is  a  logarithmic 

function  of  the  load  employed;  also,  the  amount  of  work  output  is  a  logarithmic 

function  of  the  load  employed  .  7J 

3b.  In  the  performance  of  an  isotonic  work  task,  the  HAP  is  linearly  related 

to  the  rate  of  work;  also,  the  amount  of  work  output  is  a  linear  function 

of  the  rate  of  work. 

3c.  Since  both  HAP  and  work  output  are  logarithmic  functions  of  load  and 
linear  functions  of  rate  of  work,  they  are  linearly  related  to  one  another. 

Thus,  work  output  is  linearly  related  to  HAP  both  as  a  function  of  load  ard 
as  a  function  of  rate  of  work. 

4.  In  a  series  of  experiments  involving  isometric  work  tasks  In  which 
.Js  squeezed  a  hand  dynamometer  at  various  initial  levels  until  they  could  no 
longer  support  as  much  as  ^  of  the  initial  load,  the  following  results  were  obtained 


a.  The  average  HAP  intensity  was  a  negatively  accelerating  monotonic 
increasing  function  of  the  initial  load  i8j 

b.  The  frequency  spectrum  of  the  HAP  signal  is  distributed  with  a 
model  frequency  of  between  40  to  60  cycles  per  second  8j  ,  . 9J 

c.  The  frequency  spectrum  of  the  HAP  signal  is  similar  for  both  the 
flexor  and  extensor  muscles  of  the  working  arm,  although  the  absolute  level 
of  HAP  activity  for  the  flexors  is  greater  than  that  for  the  extensors  9J . 

See  Figure  5. 

d.  The  frequency  spectrum  of  the  HAP  signal  changes  as  the  subject 
becomes  progressively  more  "fatigued."  With  increased  time  of  isometric  work, 
the  absolute  magnitude  of  the  high  frequency  HAP  components  diminishes,  but 
the  magnitude  of  the  low  frequency  components  increases  8j  ,  *9J  See  Figures 

5  and  6. 


e.  With  increased  time,  the  precision  of  performance  in  isometric  work 
decreases.  The  magnitude  of  isometric  contractions  becomes  more  variable, 
and  hence,  more  imprecise.  Associated  with  this  performance  "decrement"  is 
a  change  in  the  frequency  spectrum  of  the  HAP  signals  so  that  higher  frequency 
components  decrease  in  mean  amplitude  and  lower  frequency  components  increase 
in  mean  amplitude  *9J 

5.  The  perception  of  the  vertical  is  influenced  by  the  relative  distribu- 
tion  of  HAP  activity  on  contralateral  sides  of  the  body,  as  indicated  by 
changes  of  the  left-right  distributions  of  HAP  signals  obtained  from  the  left 
and  right  sternocleidomastoid  muscles  of  the  neck.  When  HAP  activity  of  the 
left  sternocleidomastoid  is  greater  than  that  of  the  right  sternocleidomastoid, 
the  apparent  vertical  shifts  relatively  to  the  left  of  true  vertical;  but  when 
the  right  sternocleidomastoid  is  more  active  than  is  the  left  sternocleidomastoid, 
the  apparent  vertical  shifts  to  the  right.  This  is  true  whether  the  imbalance 
of  muscle  activity  is  due  to  physically  tilting  the  subject,  or  whether  it  is 
due  to  direct  loading  of  the  musculature  without  actually  tilting  the  subject  ,IOj 

Summary  from  1  July  1964  to  1  Juiv  1965. 

The  following  experiments  were  performed  since  the  issuance  of  the  previous 
annual  progress  report  on  this  program  *llj 

I.  Previous  observations  by  the  authors  have  indicated  that  the  frequency 
spectrum  of  the  HAP  signal  is  altered  by  prolonged  isometric  contractions.  The 
alteration  is  such  that  the  high  frequency  components  decrease  in  mean  amplitude, 
while  the  low  frequency  components  increase  in  mean  amplitude.  Associated  with 
these  changes  in  the  frequency  spectrum  of  the  HAP  signal  is  a  corresponding 
decrease  in  the  precision  of  perf  rmance.  While  it  is  likely  that  "fatigue" 
state  of  the  subject  is  the  relevant  factor  influencing  the  change  in  the  frequency 
distribution  of  the  HAP  signals,  it  is  also  possible  that  the  increased  variability 
in  the  performance  of  the  motor  task  is,  in  turn,  dependent  upon  the  frequency 
spectrum  of  the  HAP  signals.  According  to  this  conjecture,  then,  the  performance 
of  a  motor  task  will  be  affected  directly  by  the  existent  frequency  spectrum 
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of  the  MAP  signals  ■  regardless  of  how  the  frequency  spectrum  was  brought  about 
Thus,  the  hypothesis  could  be  entertained  that  with  increased  precision  of 
performance  in  a  motor  task,  the  frequency  spectrum  of  the  associated  MAP  signals 
would  be  altered  in  a  manner  opposite  to  that  brought  about  in  conjunction  with 
decreased  precision  of  performance.  To  put  the  conjecture  in  somewhat  dif¬ 
ferent  terms:  If  decreased  precision  is  associated  with  a  decreased  amplitude 
of  high  frequency  MAP  components  and  an  increased  amplitude  of  low  frequency 
MAP  components,  then  increased  precision  should  be  associated  with  an  increased 
amplitude  of  high  frequency  MAP  components  and  a  decreased  amplitude  of  low 
frequency  MAP  components. 

The  problem,  then,  is  to  establish  a  condition  in  which  the  precision  of 
performance  of  a  motor  task  can  be  increased.  One  such  method  involves  the 
acquisition  of  a  motor  skill  through  practice,  i.e.,  motor  learning. 

Each  of  eight  subjects  attempted  to  trace  the  outlines  of  five  different 
geometric  forms  for  a  period  of  three  minutes  with  each  of  the  forms  while 
he  viewed  both  his  tracing  hand  and  the  forms  in  a  mirror.  On  each  of  five 
successive  days,  the  subjects  practiced  the  mirror  tracing  task;  at  the  same 
time,  MAP  signals  were  recorded  from  various  muscle  groups  of  the  working  arm. 

The  subjects  were  then  confined  for  a  period  of  3**  days,  and,  during  that 
period,  practiced  the  same  task  daily  for  the  same  periods  of  time  *  without 
MAP  signals  being  recorded. 

Following  the  34-day  confinement-practice  period,  the  subjects  were  again 
required  to  perform  the  same  mirror  tracing  task  for  five  additional  days  as 
they  did  before  practice;  MAP  signals  were  again  recorded  as  in  the 
pre-practice  sessions. 

The  changes  in  the  performance  of  the  mirror  tracing  task  are  shown  in 
Figures  7.  8,  and  9- 

The  mean  number  of  times  that  the  subjects  could  trace  the  outlines  of 
the  geometric  forms  are  presented  in  Figure  7-  As  shown  in  Figure  7,  the  sub¬ 
jects  became  progressively  more  rapid  in  the  performance  of  the  motor  task. 

As  shown  in  Figure  8,  the  subjects  tended  to  make  progressively  fewer  errors 
as  the  number  of  practice  sessions  increased,  although  there  is  a  slight  rise 
in  the  absolute  number  of  errors  during  the  post-practice  sessions  (probably 
due  to  the  greatly  increased  speed  of  performance  shown  In  Figure  7)< 

Figure  9  clearly  illustrates  the  increased  precision  in  the  performance  of 
the  mirror  tracing  task.  Vfttereas  the  subjects  initially  m*^e  an  overage  of 
1.86  errors  per  revolution  during  the  first  pre-practice  session,  the  post¬ 
practice  sessions  were  much  better  -  with  between  .26  and  .41  errors  per  revolution 

Figure  10  illustrates  the  changes  in  the  frequency  spectrum  of  the  MAP  signals 
obtained  from  the  extensor  digitorum  communis  muscles  of  the  working  arm  both 
before  and  after  the  34-day  confinement-practice  period. 
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Curvature  After-Effects  as  a  Function 

of  Inspected  Material 


CURVATURE  OF  INSPECTED  MATERIAL  (DIOPTERS) 


As  shown  in  Fiqure  10,  the  low  frequency  components  of  the  HAP  s  gna'  ■<  e 
40  cyc'es  per  second  and  below)  do  not  appear  to  show  any  significant  charge  <r 
average  energy  as  a  function  of  practice.  On  the  other  hand,  the  averagr  e^eray 
of  the  high  frequency  components  (i.e.,  above  50  cycles  per  second;  becomes 
considerably  higher  after  practice.  Thus,  the  conjecture  was  partially 
supported.  These  changes  in  the  frequency  spectrum  of  the  HAP  signal  suggest 
that  precision  of  performance  in  a  motor  task  is  associated  with  the  f  equency- 
intensity  character i st i cs  of  the  HAP  signals  produced  in  the  perfcrnarce  of 
the  task,  and  that  the  acquisition  of  a  motor  skill  may  t>c  associates  with 
increased  activity  of  the  higher  frequency  components  of  the  performing  muscles 
Further  and  more  complete  data  analysis  is  currently  underway  The  results  of 
the  more  complete  data  analysis  will  be  presented  in  a  subsequent  progress  repc* 

Am  additional  finding  is  also  of  interest  The  total  energy  of  the  HAP 
signals  from  the  various  working  muscles  sampled  in  the  preceding  exper  rent 
was  analyzed.  't  was  observed  that  the  total  energy  from  all  working  muscles 
wrfien  taken  together  was  less  for  the  post-pract i ce  trials  than  for  the  pre¬ 
practice  trials.  (This  is  not  apparent  in  Figure  10,  r^tich  exarvned  on  I  y 
the  extensor  digitorum  comnunis.)  This  finding  is  in  keeping  with  earlier 
obser  Uions  .4j  Additional  research  is  required  to  elucidate  this  point  furthe 

2.  '  second  study  involved  an  attempted  replication  and  verification  of 

the  prev  ous  findings  . I0J  In  this  experiment,  each  of  six  subjects  was  giver 
repeated  trials  in  which  he  attempted  to  adjust  a  luminous  rod  in  a  darkened 
room  until  he  reported  that  the  rod  appeared  to  be  vertical  The  adjustments 
were  performed  under  different  conditions  of  muscie  ioading  in  which  loads 
were  suspended  f *'om  a  helmet  on  tne  left  sice,  tne  right  side,  ooth  sides,  cr 
neither  side  of  the  head.  The  rod  measured  2 4  inches  from  tcp  to  bottom,  ana 
was  located  at  distances  of  48,  96,  or  120  inches  from  the  subjects  Alth.w9> 
the  data  from  this  experiment  is  currently  under  exami  nat  icr  .  preliminary  nc4- 
cations  are  that  ou'  previous  findings  lOj  may  not  be  reproduc i b  I  e 

3  A  third  study,  derived  from  previous  work  1 2j  .  I  jjj  .  I4j  ,  i  5 j  ,  was  con 
cerned  witn  the  relationship  between  the  magnitude  of  a  curvature  aftereffect 
(the  amount  by  which  physically  straight  lines  appear  to  curve  when  viewed 
immediately  following  previous  exposure  to  physically  curved  lines),  and  the 
magnitude  of  curvature  m  the  previously  viewed  curved  lines.  Gibson  1 2^  and 
Bales  and  foilansbee  1 3L  have  indicated  that  the  magnitude  of  the  curvature 
aftereffect  is  not  influenced  by  the  magnitude  of  curvature  in  the  inspected 
material  (p  iviously  viewed  cured  lines).  However,  these  t nvest i gatcr s  cr 1 v 
used  single  lines  bath  as  inspected  material  and  as  a  test  line  (lire  whic- 
subject  adjusts  for  apparent  straightness)  In  addition,  bo'h  Cbson  and  9a!e* 
and  Foilansbee  tested  only  at  two  different  degrees  of  curvat^e  in  the  i  $pec*e 
material  -  no  continuum  of  curvature  was  examined 

The  current  study  requ  i  red  each  of  Six  subjects  to  view  a  grat-ng  of 

optically  curved  lines  through  a  prism  for  a  period  of  ten  minutes  The  anou-t 

of  optical  curvature  in  the  inspected  material  was  adjusted  by  setting  the 
dioptric  power  of  the  prism  at  20,  10,  and  5  diopters  base  'eft  (thereby  op¬ 
tically  curving  the  iir'-s  by  different  degrees  conve*  to  the  left),  at  0 

diopters  power ,  (thereby  not  optical ly  curving  the  lines),  and  at  5.  10.  and 

20  diopters  base  right  (thereby  optically  curving  the  lines  by  different  degree* 
con.ci  to  the  right)  The  p^c  preseote  n  P ,  e  * 
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As  showi  in  Figure  II,  the  magnitude  of  the  curvature  aftereffect  is 
affected  by  the  magnitude  of  curvature  of  the  inspected  material  -  a  finding 
in  contradiction  to  those  of  Gibson  and  Balus  and  Follansbee.  Further  work 
is  required  to  specify  the  cause  for  our  divergent  results.  One  possible 
factor  of  interest  is  the  scanning  motions  of  the  eye  as  the  subject  views 
either  multiple  or  single  curved  lines  and  as  he  views  line*  of  different 
degrees  of  curvature.  Bio-electrlc  techniques  (such  a.:  the  electro-oculogram, 

EOG)  5J  may  be  of  value  in  this  regard. 

Future  Plans. 

The  above  program  will  continue  to  investigate  the  functional  relationships 
between  stressors  and  stress_(as  defined  by  MAP),  MAP  and  performance,  MAP 
and  perceptual  shifts,  and  MAP  and  motor  learning. 
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UTILIZATION  OF  MASER  AS  A  MEANS  OF  EXCITATION 
FOR  THE  SPECTROGRAPH I C  EXAMINATION  OF  MICROSTRUCTURES  OF  METALS 

JOHN  F.  DANOVICH  AND  MELVIN  D.  SMITH 


Background 

Although  the  exact  mechanism  of  structural  failure  of  metals  and 
alloys  Is  still  not  very  well  understood,  segregation  of  the  alloying 
constituents  is  known  to  play  a  prominent  part.  These  segregates  cannot 
be  examined  by  conventional  spectrograpM*'  means  because  of  the  minute  areas 
involved,  inability  to  control  the  electrical  discharge,  and  difference  in 
rates  of  volatilization.  When  using  toe  monochromatic  light  of  the  laser  as 
a  means  of  excitation,  the  beam  may  be  optically  focused  on  an  area  as  small 
as  100  microns  in  diameter  and  is  not  subject  to  many  of  the  limitations  of 
the  electrical  discharge. 

Objective 

Examination  of  metals  by  light  microscope  technique  using  selected 
etchants  can  be  used  to  detect  lnhomogenelties  and  phases  in  the  matrices 
of  metals,  and  to  indicate  their  relative  positions  in  the  specimen.  After 
thus  locating  areas  of  interest,  the  laser  beam  can  be  focused  on  specific 
segregates  or  phases.  Vaporization  of  these  areas  by  the  laser  beam  can  lead 
to  spectral  analysis  to  identify  the  constituents. 

Employing  standard  calibration  curves  and  internal  standard  lines,  ex¬ 
perimental  work  will  be  performed  to  establish  techniques  using  the  laser  beam 
as  an  excitation  source  for  the  emission  spectrograph  in  order  to  perform  quan¬ 
titative  analyses  of  the  elements  present.  These  data  will  make  possible  the 
identification  of  segregates  and  phase  constituents  In  metals. 

Accomplishments 

It  was  previously  reported  that  variation  of  power  output  in  the  laser  head 
made  it  impossible  to  perform  quantitative  analyses.  The  original  laser  head 
was  replaced  by  a  redesigned  head  with  a  greater  power  output  stability.  Sub¬ 
sequently,  it  was  found  that  variation  in  power  output,  other  than  those  occurring 
in  the  laser  head,  were  evident.  The  objective  lens  system  of  the  microscope, 
used  to  select  the  target  area  of  the  specimen  and  to  focus  the  laser  beam,  was 
being  damaged  progressively  by  the  intensity  of  the  beam.  Figure  1  shows  photo¬ 
micrographs  of  two  damaged  upper  doublets  of  the  lens  system.  The  first  (left) 
shows  the  damage  after  200  shots  and  the  second  (right)  after  only  50  shots.  A 
modified  objective  (shown  on  the  right  side  of  Figure  2)  was  designed  to  overcome 
this  limitation.  It  has  performed  well  in  subsequent  investigations.  Figure  3 
shows  photomicrographs  of  two  subjects  taken  through  the  standard  objective  (left) 
and  the  modified  objective  (right).  This  proved  that  the  field  of  view  at  focus 
was  adequate  to  select  the  area  to  be  examined. 

Qualitative  analysis  of  inclusions  in  metallic  alloys  is  quite  readily 
accomplished  using  the  laser  probe.  Figure  4  shows  an  inclusion  in  4340  steel 
(top).  In  the  bottom  photomicrograph,  it  can  be  seen  that  this  inclusion  has  been 
vaporized  by  the  laser  beam.  It  was  determined  by  spectral  .lysis  to  be  silicon. 
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CALIBRATION  CURVE  FOR  SILICON  IN  AN  ALUMINUM  ALLOY 
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TABULATION  OF  CRATFR  DIMENSIONS  PRODUCED  BY 
USER  ENERGY  USING  THE  COATING  TECHNIQUE 
(NO  OR  APPROX.  2X*  OBJECTIVE) 


Major  Minor  M.P.  B.P. 


Co# t inn  Plant* tar  (u)  Plea* ter  (^)  °C  °C 
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321 
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!U 

1*55 

2900 
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2900 

4800 
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Cr 
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2300 
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1535 
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3100 

2900 
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As  stated  in  the  objective;  the  establishment  of  standard  call  bra- 
curves  and  internal  standard  lines  must  be  nu.de  in  order  that  quanti' 
studies  of  segregates  can  be  made.  This  phase  of  the  investigation 
accomr’ ished.  Figure  5A  shows  a  representative  calibration  curve  f 
in  an  aluminum  alloy  using  the  silicon  line  2516  Angstroms  as  the  e 
and  the  aluminum  line  3050  Angstroms  as  the  internal  standard  line. 

It  was  determined  that  it  was  possible  to  examine  metallic  coat 
qualitatively  with  the  laser  probe  using  no  objective  or  an  approxin 
2X  objective.  Figure  5B  shows  a  tabulation  of  sampling  area  dimensi 
this  technique  for  various  metallic  coatings. 

Future  Plans 

Work  will  be  performed  to  investigate  segregation  in  aluminum  a 
steel  alloys*  and  other  materials.  The  establishment  of  analytical 
for  metallic  coatings  will  be  continued  and  extended  to  other  inorga 
organic  coatings. 


RESEARCH  ON  CAPTURED  AIR 


BUBBLE  TEST  VEHICLE 


FRIEDRICH  0.  RINGLEB*  4  VALTER  A.  SIMMONS 


BACKGROUND. 

The  Captured  Air  Bubble  (CAB)  vessel  concept  was  conceived  at  The 
Naval  Air  Development  Center  (NADC )  in  i960.  The  initial  theoretical 
studies  indicated  that  CAB  offered  great  promise  of  providing  efficient 
high  speed  naval  ships  over  a  vide  range  of  sizes  and  classes.  At  this 
initial  stage,  discussions  with  BU SHIPS  and  David  Taylor  Model  Basin 
(DTMB)  working  l~vel  personnel  were  held  to  ascertain  interest  in  sponsor¬ 
ing  a  resear 'a  gram  on  GAB.  Reaction  was  generally  negative,  except 

for  Dr.  p...,vey  Chap 'in  of 1 DTMB  who  strongly  endorsed  initiating  a  program. 

response  by  BUWKPS  was  more  receptive.  In  July  1961  a  project  was 
Initiated  at  EAPC  uid  NAEC,  under  the  BUWEPS  Foundational  Research  program, 
with  the  objective  of  confirming  that  the  low  drag  and  favorable  seakeeping 
charactertisti.ee  indicated  by  theory  for  GAB  could  he  achieved  in  practice. 

Theoretical  studies  and  tow  tank  model  research  were  conducted  during 
1961  so  develop  and  substantiate  smooth  water  drag  theory.  Results  were 
promising,  and  in  October  1962  the  XR-1  manned  vehicle  was  started  at  NAEC. 

In  its  initial  configuration,  the  XR-1  had  "fixed"  fore  and  aft  seals 
which  were  suitable  for  tests  to  substantiate  further  the  basic  smooth 
vater  drag  theory.  Tests  of  the  XR-1  were  started  in  May  1963.  As  reported 
in  reference  1 /,  the  drag  data  tests  were  in  good  agreement  with  the 
drag  predicted  by  theory,  and  the  turning  end  stability  character! let les 
were  satisfactory.  In  October  1963/  &  demonstration  and  program  conference 
was  held  for  RAM  Fawkes,  BUWEPS;  RAM  Brown,  BUSHIPS;  and  representatives 
from  various  technical  divisions  of  BUSHIPS. 

During  1964,  tests  of  1/7  scale  XR-1  models  were  conducted  in  waves 
to  develop  compliant  fore  and  aft  seals,  and  to  demonstrate  basic  longi¬ 
tudinal  stability  end  wave  "platforming"  capabilities.  The  limitations  of 
the  NAEC  linear  tow  tank  facility  restricted  these  tests  to  only  "head  on" 
wave  conditions,  and  no  turning  or  maneuvering  model  teats  were  conducted. 

In  these  tests,  the  models  exhibited  excellent  wave  "platforming"  charac- 
tertistj.es  at  high  model  speeds,  with  little  heave  and  pitch  m<.*ion.  The 
action  of  the  compliant  fore  and  aft  seals  in  providing  this  smooth  and 
stable  wave  "platforming"  performance  was  graphically  demonstrated. 


*  During  F.  0.  Ringleh's  absence  due  t-o  sickness,  V.  A.  Simmons  acted  as 
principal  investigator.  He  also  is  essentially  the  author  of  this 
report . 
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In  November  1964,  the  R&D  Division  of  the  Maritime  Commission 
requested  performance  and  basic  design  data  on  the  CAB,  for  uee  in  a 
study  to  evaluate  technical  feasibility  of  various  types  of  Surface 
Effect  Ships  (SES)  suitable  for  conmercial  marine  service,  and  to  com¬ 
pare  their  economic  potential.  Five  concepts  were  evaluated  -  Hydrokeep, 
CAB,  Ram  Wing,  Hovercraft,  and  Air  Foil  type.  The  CAB  vae  selected  as 
being  most  premising,  and  a  program  for  development  of  a  1000  T  or  larger 
CAB  cargo  transport  SES  is  currently  being  formulated  by  Maritime 
Administration  for  submission  to  Congress. 

OBJECTIVES. 

Verification  of  the  rough  water  capability  demonstrated  by  the 
l/7  model  test  was  of  prime  importance  of  the  1965  program.  Major 
modifications  were  made  to  the  XR-1  to  provide  a  suitable  test  vehicle. 
Compliant  fore  and  aft  seals  and  associated  hydraulic  control  systems 
were  installed  on  the  XR-1  test  vehicle  described  in  reference  1 /. 
Additional  modifications  included  incorporation  of  a  new  T53  turboprop 
main  propulsion  system,  and  deeper  and  thicker  sideboards  of  increased 
buoyancy  and  stability. 

ACCOMPLISHMENTS . 

Operation  of  the  XR-1  conducted  after  these  modifications  were 
of  a  "shakedown"  nature,  intended  to  check  the  mechanical  functioning 
of  the  propulsion  arid  seal  systems  and  their  associated  controls.  On 
8  December  1964,  the  XR-i  overturned  during  a  starboard  turn  which  was 
started  at  a  speed  of  approximately  35  knots. 

The  basic  cause  of  the  capsizing  of  the  CAB  XR-1  test  vehicle  has 
not  yet  been  substantiated  firmly.  Based  on  analysis  conducted  to  date, 
it  is  believed  that  the  cause  was  lateral  instability  of  the  particular 
configuration  of  the  XR-1;  due  to  a  dynamic  interaction  between  roll, 
pitch,  and  yaw  under  the  conditions  in  which  the  XR-1  was  being  operated. 
The  instability  exhibited  by  the  XR-1  is  not  considered  inherent  in  the 
CAB  concept,  and  can  be  corrected  with  appropriate  design  changes. 

A  model  test  and  computer  dynamic  analysis  program  was  initiated 
Jointly  with  the  1XMB  in  early  January  1965,  to  investigate  the  stability 
and  control  characteristics  of  the  XR-1  configuration.  It  is  anticipated 
that  the  conditions  of  the  XR-1  accident  can  Is  duplicated  and  then 
analyzed,  using  model  test  data  in  tb>  computer  dynamic  analysis.  The 
model  tests  have  been  conducted  in  tne  DTMB  rotating  arm  facility  during 
May  1965.  Model  tests  will  also  be  conducted  with  various  proposed 
"fixes",  to  develop  a  configuration  providing  adequate  stability  and 
control  over  the  range  of  conditions  under  which  the  XR-1  is  expected  to 
be  operated.  It  is  then  planned  to  incorporate  these  "fixes"  and  continue 
the  "manned"  CAB  research  test  program. 


FUTURE  PLANNING. 


1.  Tests  conducted  with  the  XR-1  from  May  of  1963  to  April  of  1964 
graphically  demonstrated  that  the  GAB  concept  provided  an  efficient  high 
speed  smooth  water  vehicle.  It  is  still  extremely  Important  that  the 
basic  concept  with  compliant  seals  be  investigated  to  substantiate 

scale  model  result*.  Of  equal  importance  is  the  requirement  that  adequate 
stability  be  demonstrated  for  all  operating  conditions. 

2.  The  design  and  construct,  on  of  a  small  test  vehicle  is  highly 
desirable  to  determine  modifications  that  are  required  to  provide 
stability  and  rough  water  capability.  Prior  to  any  further  effort  on 
the  XR-1,  successful  tests  of  the  sir  .11  research  vehicle  is  necessary. 

3.  A  sixteen  foot  research  vehicle  is  presently  being  designed.  Con¬ 
struction  oi  this  craft  will  be  started  by  mid  August  19 65,  with  completion 
scheduled  for  early  October,  1965 . 

4.  A  rotating  arm  tow  facility  is  presently  under  construction  at  RAEC. 
This  facility  will  be  used  to  determine  flow  characteristics  associated 
with  the  GAB  scale  models.  Flow  phenomena  and  the  motions  of  GAB 
models  during  turns  will  be  investigated.  Results  of  these  tests  will 
be  used  to  formulate  design  concept  of  the  small  research  vehicle. 


REFERENCES 

l/  Foundational  Research  Programs  August  1964 
2/  HADC  Report  WR-6412  of  13  Nay  1964 
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INVESTIGATION  OF  NEW  CONCEPTS 
FOR  THE  IN-FLIGHT  SUPPRESSION  OF  JET  ENGINE  NOISE 


R.  B.  BEN HAM 


Background 

The  early  work  under  this  project,  described  In  the  FR  annual  report  of 
August  1964..  consisted  cf  studies  on  circular  nozzles  only.  This  was  done 
for  two  reasons.  Principal, y,  it  was  desired  to  gain  an  insight  Into  the 
aerodynamic  and  acoustic  mechanissis  at  work  In  suppressor  nozzles.  Also,  the 
large  number  of  nozzles  studied  and  the  requirements  of  model  fabrication  in 
the  Aeronautical  Engine  Laboratory  ■  AEL)  shop  necessitated  contours  which 
could  be  fabricated  quickly  ana  accurately.  Overall  conclusions  resulting 
ires  this  work  were  as  follows 

Efficient  suppression  is  obtameo  in  the  process  of  momentum  exchange  between 
the  jet  and  the  ambient.  Extended  plug  suppressor  nozzles  are  basically  In¬ 
efficient  because  a  significant  part  of  the  momentum  exchange  occurs  between 
the  jet  and  the  plug,  resulting  in  a  high  drag  penalty.  Attempts  to  exchange 
momentum  with  the  ambient  air  at  the  center  of  the  Jet  are  only  effective  with 
the  addition  of  such  quantifies  of  ambient  air  as  are  unobtainable  with  low 
drag  flight  engines. 

It  was  concluded,  therefore  that  lobed  nozzles  such  as  the  "daisy"  were  the 
most  efficient  as  suppressors.  Attention  was  then  directed  toward  obtaining 
a  configuration  significantly  superior  tc  the  "daisy",  but  not  requiring  the 
use  of  an  ejector  which,  with  present  suppressors,  must  retracted  In  flight. 

A  review  of  the  literature  re/ealed  thac  previous  Investigators  had  surveyad 
extensively  such  "daisy"  parameters  as 

a.  Effect  of  ratio  of  lobe  width  to  chute  width 

b.  Effect  of  depth  of  chuuea 

c.  Effect  of  a  cer.cerbody. 

However,  no  studies  covering  the  effect  of  lobe  atagger  appeared  to  have  been 
made. 


Objectives 

It  wee  intended,  during  *ne  present  *  investigation ,  to  conduct  parametric 
studies  of  the  staggered  lobe  rcozzl'  to  determine  the  suppreeslon  potential 
of  this  concept.  In  addition,  it  was  planned  to  test  an  Improved  version  of 
the  multi  lobed,  staged  mixing  nozzle  discussed  in  the  FY  *64  report. 
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FIGURE  5.  NOZZLE  COMPARISON 
REFERENCE  CIRCULAR,  WDAIST* ,  AND  U5-5S  STAGGERED  LOBE 
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Accomplishments 


Figure  1  shows  the  revised  multi- lobed,  staged  mixing  nozzle.  The  design  was 
tested  both  with  and  without  the  points  shown.  Teat  results  ate  shown  in 
Figures  2,  3  and  4.  The  parameter  Vg  is  an  effective  exit  velocity  obtained 
by  dividing  thrust  by  weight  flow.  Vg  was  not  employed  in  previous  nozzle 
comparisons  because  it  requires  a  more  accurate  determination  of  these  quan- 
titles  than  was  heretofore  possible  on  the  model  stand.  Cp  is  a  measure  of 
nozzle  capacity  and  Cj  is  basically  an  Indication  of  efficiency  in  converting 
pressure  tc  velocity  head.  The  performance  curves  show  neither  version  of  the 
suppressor  nozzle  to  be  superior  to  the  ''daisy."  However,  the  flat-topped 
spectrum  of  the  multi  - lobed,  staged  design,  as  compared  to  that  of  the  "daisy", 
shows  hotter  suppression  of  the  higher  frequencies.  This  type  of  balanced 
spectrum  is  one  of  the  basic  goals  of  the  present  investigation  Because  it 
did  net  appear  that  the  concept  was  capable  of  significant  development,  it  was 
not  pursued  further. 

Figure  5  shows  a  staggered- lobe  suppressor  nozzle  together  with  the  reference 
circular  nozzle  and  e  typical  6- lobe  "daisy"  model.  In  the  parametric  studies, 
the  parameters  shown  in  Figure  6  were  varied.  The  following  is  a  liat  of  per- 
tlaent  nozzle  values 


Parameter* 


Area  Split 

L/D 

Density  Ratio 

HHi 

HR 

55.45 

■H 

m 

m 

1.8 

2.0 

2.2 

Symbol 

a 

0 

*+ 

a 

0 

X 

a 

O 

•Illustrated 


in  Figure  6. 


The  reaults  of  these  studies  are  shown  parametrically  in  the  following  groupa  of 
Figures  Area  Split  -  Figures  7,  8,  and  9,  L,  D  -  Figures  10  ll  and  1 2 ;  and 
i/ensity  Hptio  -  Figures  13,  14,  and  15.  The  fact  tnat  and  Cj  values  for 
the  reference  cucular  nozzie  lie  below  those  for  most  of  the  suppressor  nozzles 
is  not  an  indication  that  the  latter  are  unusually  efficient.  The  choice  of  a 
circular  nozzle  with  a  slower  taper  rate  would  have  made  the  nozzles  more  nearly 
equivalent,  both  in  length  and  in  performance.  Two  general  conclusions  can  be 
drawn  from  the  results  shown  in  thege  Figures 

a.  Staggering  the  lobes  of  a  "daiay"  nozzle  has  no  beneficial  effect  on 
noise  suppression.  On  the  contrary,  when  compared  on  an  effective  velocity 
basis,  the  increased  wetted  areas  of  staggered  lobe  nocjles  diminish  the 
suppression  potential. 

b.  Staggered  lobe  nozzles  have  essentially  the  same  directivicv  performance 
as  "daisy"  nozzles 
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c.  Staggered  lobe  nozzles  produce  frequency  spectrums  that  are  ;  ks  well 
balanced  than  those  of  "daisy’'  nozzles.  The  intent  of  staggering  ha<  •  oen  to 
provide  the  rear  efflux  with  a  moving  ambient,  thereby  reducing  mixir  noise 
at  this  point.  It  was  reasoned  that,  then  the  only  significant  nois«  roducor 
would  be  the  forward  efflux,  and  if  this  could  be  made  a  small  percer  >f  tho 
overall  flow,  the  resultant  noise  would  be  greatly  diminished.  This  tent  was 
successful  in  that  the  low  frequency  generating  portions  of  the  forw*  and  re a 
ward  effluxes  were  better  mixed  and  produced  lower  noise  levels  than  oe  "daisy 
However,  the  staggering~had  a  deleterious  effect  on  the  velocity  of  t  air  in 
duced  between  the  lobes,  resulting  in  greater  high  frequency  noise  ge  ration 
by  the  forward  efflux. 


Future  Plans 


The  studies  conducted  this  year  suggest  that  what  is  needed  is  a  conf  ..-oration 
wherein  ambient  air  is  induced  into  the  jet  wake  without  encountering  arge 
high-shear  jet  areas.  Conceptually,  this  could  be  accomplished  by  pe  pheral 
jets,  either  few  in  number  or  else  closely  spaced,  joining  to  form  an  ero- 
dynamic  ejector,  as  in  the  ring  nozzle  tested  previously.  Nozzles  of  is  tvp«- 
might  appear  as  shown  at  "b"  and  "c"  in  Figure  16. 

A  further  possibility  would  be  to  subject  the  high  frequency  peak  exp»  tenced 
with  the  staggered  lobe  nozzles  to  a  further  splitting,  in  the  hope  tl  t,  as 
before,  a  reduction  in  level  would  accompany  the  frequency  shift.  A  t  ree- 
stage  ... _7le,  as  shown  at  "a"  in  Figure  16,  might  produce  the  desired  esult. 

It  is  customary  in  both  Civil  and  Military  service  to  gropnd-run-up  J*  engines 
in  aircraft  prior  to  take-off.  In  order  to  lower  the  resultant  noise  o  levels 
acceptable  to  nearby  airport  and  base  personnel,  ground  suppressors  ha  e  been 
utilized.  However,  to  date,  no  such  suppressor  has  been  entirely  sati  factory 
from  the  dual  standpoints  of  suppression  potential  and  serviceability,  because 
it  is  this  Investigator's  belief  that  the  ground  run-up  suppressor  dea  ,-,n  pro¬ 
posed  in  the  FY  '64  annual  report  may  well  possess  improved  perforraanc  in  both 
these  areas,  it  is  proposed  to  test  this  concept  in  FY  *66. 


BEST  AVAILABLE  COPY 
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POLARIZATION  STUDIES  OF  CORROSION  IN  NONCONDUCTING 
MEDIUMS  WHERE  ELECTROLYTES  EXIST  IN  A  DISCONTINUOUS  PHASE 


L.  J.  NESTOR 


Background 

Fuels  used  in  reciprocating  and  turbine  engine  aircraft  will  dissolve  small 
amounts  of  water  which  will  be  thrown  out  of  the  fuel  into  the  dispersed  free 
state  by  lowering  the  temperature.  For  example,  a  highly  aromatic  fuel  may 
throw  out  1  gallons  of  water  per  100,000  gallons  of  fuel  when  cooled  from  753F 
to  32°F.d,/  This  ever-present  water  results  in  corrosion  problems  during  the 
production,  trensport,  and  storage  of  petroleum-based  fuels.  Such  corrosion 
causes  degradation  of  the  ground  handling  facilities,  as  well  as  compromising 
ohe  flight  quality  of  the  fuex S*' 

Fuel  corrosion  problem*  are  combated  by  the  judicious  use  of  additives  meeting 
the  requirements  of  the  specification  on  Fuel  Soluble  Corrosion  Inhibitors, 
MIL-I-25017.  The  basic  method  of  inhibitor  evaluation  is  a  modification  of 
the  A STM  Method  D-665,  Test  for  Rust  Preventing  Characteristics  of  Steam- 
Turbine  Oil  in  the  Presence  of  Water. (3)  This  method  is  essentially  the  ex¬ 
posure  of  a  mild  steel  specimen  to  a  simulated  inhibited  fuel  in  the  presence 
of  sea  water,  and  visuaily  noting  the  degree  of  protection  afforded  by  the  in¬ 
hibitor.  Such  a  subjective  evaluation,  however,  provides  only  a  gross  estimate 
of  the  inhibiting  characteristics  of  these  additives.  In  addition  to  the  visual 
interpretations,  the  analysis  ie  subject  to  error  resulting  from  the  irregular 
distribution  pattern  of  corrosion  which  is  inherent  in  such  a  heterogeneous 
system;  e.g.  water  dispersed  in  fuel. 


Objectives 

a.  Apply  the  principles  of  potentiostatlc  polarization  to  determine  the  basic 
behavior  characteristics  of  oil-soluble  corrosion  inhibitors. 

b.  Determine  if  these  characteristics  are  typical  of  all  oil-soluble  inhibitor 
or  if  they  depend  upon  certain  functional  groups  associated  with  molecular 
structure . 


Accomplishments 

a.  Prior  to  30  June  1964 

1.  A  cell  was  designed  specifically  for  the  application  of  electro¬ 
chemical  techniques  tc  electrically  nonconducting  solutions.  In  principle,  it 
is  the  analog  of  actual  fuel  systems,  where  water  exists  in  the  discontinuous 
form  of  suspended  droplets.  The  cell  provides  for  the  suspension  of  a  metal 
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FIGURE  1-  CHARACTERISTIC  POLARIZATION  CURVES  OBTAINED  BY  VARYING 
IMMERSION  TIMES  OF  MILD  STEEL  IN  21  p.p.a.  N-LAUROYL  SARCOSINE 
PniOR  TO  POLARIZATION  AT  ft.400  VOLTS ( S. C. E. )  WITH  0.1  N  KCI 


specimen  (1C2C  Steel)  ir.  tne  simulated  iuel  The  c- ri  c  s:  ve  electrolyte  is  mace 
to  impinge  onto  the  metal  surface  under  controlled  coral  ti ;ns  by  me-ms  cf  a 
potentio3tat  and  recorder,  tne  transient  vcltage/currer. .  der.sity  ^lati  c  -.sh*  ns 

are  determined. 


2,  It  was  confirmed  that  tne  current  measured  was  a  function  cf  tne  con¬ 
centration  cf  tne  oil-soluble  inhibitor.  By  relating  the  total  current  versus 
inhibitor  concentration,  it  was  possible  to  obtain  elect rocnemlcal  data  that 
agreed  quite  favorably  with  the  minimum  efiective  concentrations  determined  by 
the  method  specified  in  MIL-I-2o017. 

3.  It  was  deduced  from  the  experimental  data,  that  the  transient  current 
density  values  obtained  initially  on  contact  cf  the  metal  specimen  by  the 
electrolyte  were  more  strorgly  influenced  by  the  desorption  of  the  inhibitor 
than  the  eiectrocnemieal  manifestations  associated  with  the  corrosion  process. 
With  the  complications  cf  concentration  polari cation  and  limiting  diffusion 
currents  reduced  to  a  minimum,  it  was  postulated  that  the  current  density 
measurements  could  oe  related  to  the  areas  of  the  metal  surface  that  wei  3  free 
of  adsorbed  inhibitor. 


b.  From  1  July  2964 

1.  One  cf  the  major  handicaps  that  plagued  our  previous  experiments  was 
the  ratner  poor  reproducibility  of  the  current  density  measurements.  Aftor 
rather  intensive  study,  the  following  modifications  were  made: 

(a)  Reduced  tie  size  of  the  cell  and  increased  thu  size  of  the 

specimen. 

(b)  Introduced  a  specimen  design  change  from  multiple  to  single  face 

(c)  Maintained  electrode  distances  constant. 

(d)  Eliminated  electrolyte  flow,  since  tnis  was  creating  a  velocity 
gradient  across  tne  surface  cf  the  specimen. 


These  changes  resulted  in  a  significant  improvement  in  repeatability. 

2.  One  of  the  major  benefits  obtained  from  tne  previously  listed  modifi¬ 
cations,  was  the  capability  of  maintaining  strict  control  of  time  in  wnicr.  the 
specimens  were  immersed  in  tne  simulated  inhioited  fuel,  e.g.  N-Lauroyl  Sarcosi 
in  Isooctane.  By  controlling  immersion  time,  it  was  possible  to  expend  the 
scope  of  the  entire  project.  In  Figure  1,  characteristic  curves  are  shown  wh.c 
depict  the  rate-controlling  desorption  of  both  the  solvent  and/or  innibltor 
The  1-minute  immersion  time  curve  snowr,  is  typical  cf  curves  wnere  nc  inhibits,, 
is  present,  in  spite  of  tne  fact  tnat  20  ppm  N-La^r^yl  Sarcosine  was  ir.  tr.e 
solution.  As  tne  immersion  time  increased,  tne  cuives  assumed  tne  cr.aracter- 
i stic  shape  associated  witn  a  strongly  adsorbed  inhibitor  film. 


FIGURE  2-  CHANGE  OF  ANODIC  CURRENT  WITH  VARYING  INVERSION  TINES 
OF  HANO  GROUND  NILD  STEEL  IN  N-LAUROYt.  SARCOSINE  ISOOCTANE 
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Total  Aaodic  Carreat  (ail 1 icoaloabs/ca 


FIGURE  3  -  CHANGE  OF  ANODIC  CURRENT  WITH  VARYING  IMMERSION  TIMES 
OF  ALUMINA  BLASTED  MILD  STEEL  IN  N-LAUROYL  SARCOS INEZ  ISOOCTANE 
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FIGURE  4  -  CORRELATION  OF  TOTAL  ANODIC  CURRENT  WITH  MEASURED 
AREAS  OF  CORROSION  ON  MILD  STEEL 


I 

I 
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^ISVRE  ?  -  ™ANGE  OF  CORROSION  AREAS  WITH  VARYING  IMMERSION  TIMES 
OF  HAND  GROUND  MILD  STEEL  IN  N-LAl’ROYI  SARCOSINE/ ISOOCTANE 


FIGURE  6  -  CHANGE  OK  CORROSION  AREAS  »ITH  VARYING  IMMERSION  TIMES  OE 
ALUMINA  BLASTED  MILD  STEEL  IN  N-LAUROYL  SARCOS I NE  ISOOCTANE 
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3  M^re  detailed  s'mies  were  then  made,  relating  tne  surface  adsorption 
cf  N-Laurcyl  3ai cosine  to  - miners  ion  time,  concentration  of  tne  ir.fuoitor,  as 
well  as  surface  prepare!.: or  ol  tne  steel  specimen  T.nese  results  are  shown  in 
Figures  2  ana  The  specimen  surfaces  investigated  were  aesigr.atea  "hand -ground” 
and  "alumina  clashed."  ire  har.d-grounu  specimens  were  rather  rough  m  appear¬ 
ance,  having  nee:  prepared  oy  grinding  with  2/C*  larret  paper.  Tne  alumina 
hlas'ed  spec,  mens  were  prepareu  cy  metalicgraphicaily  pclisning  tne  steel  to  a 
mirror  finish  and  tree  sc ru thing  the  surface  with  27  micron  alumina  particles 
in  a  nigh  veioc!  */  ntrege'  stream.  It  was  necessary  to  scrub  the  surface  with 
alumina  to  remove  •  re  aascroec  water  introduced  during  : r.e  metailcgrapnic 
polisnmg.  By  comparing  the  C  ppm  curves  in  both  Figures  2  ana  3,  it  cam  oe 
seen  that  the  nar.a-^rouna  sp^^.-^en  adsorbs  lscoctane  more  readily  than  tne 
alumina-blasted  surface  However,  by  comparing  tne  2C  ppm  curves,  it  becomes 
apparent  that  tne  alumina- blasted  surface  is  tne  more  active  of  the  two  to  the 
inhioitor.  it  shotud  also  re  -.  ted  irer.  Figure  2,  tnat  for  2C  ppm  MS,  it  re¬ 
quires  1C  tc  1,  minutes  for  maximum  adsorption  to  occur,  witr*  even  longer 
equilibrium  '  ime  for  *cw  r  ccncer. .  ations.  ^his  oust  necessarily  cause  us  to 
modify  cur  previous  co:  ce^t  or.  equn  hnum  requirements,  since  investigators 
in  the  field  generally  agi  i  tnat  .tx-mm  adsorption  occurs  in  tre  first  few 
minutes. 

i*.  It  was  pre.^iuSuV  postulated  tnat  anodic  Current  couid  be  related  to 
areas  of  tr.e  steel  specimen  lacking  an  adscroeu  f.lm.  A  parT:ai  confirmation 
of  this  tr.eory  was  .a*  ;ea  t y  permitting  corrosion  to  develop  cn  the  specimen 
surface  after  tne  e,  itrounemical  polanzatio..,  then  measuring  tne  perce' t 
surface  corrosion.  1  nest  results  are  show:  ir.  F’gire  H.  by  plotting 
observed  percent  surface  c-ircs. or.  against  immersion  times,  shown  in  Figures 
5  and  6,  further  ev:  ie.ee  was  obtained  wmcr.  tends  tc  confirm  tne  electrochemical 
data  shew,  ir  Fir  re-  2  a. .a  3 

l.ne  :  . '  o  ^xiie  tormatior.  cn  in..  inter  assure  tic.,  were  also 
investigate*;  .  .  s  was  done  cy  permitting  tne  s’ee.  surface  to  re  exposed  tc 
ary  a*r  lei  vary.ng  times  cefcre  making  polar l ration  measurements.  Tr.ese  results 
are  snow.,  in  F.g.r*-  .  .mere  i*  a  :e  se«*r.  tnat  oxide  formation  of  steel  is 
certair  ly  -umpatu  „e  *..c.  sy.erg.stic  wit:.  N-Laurcyl  oarers  ;  e 


Future  F ra.  u 


a.  I..e  nature  of  n.s  study  r.ecess:  *  ated  cc*  centrati  e: 

hir.'rr  -  Lau.  .yi  dare.  s;r.e.  Duplicate  studies  w.^1  re  mace 
of  i..r.i.i*  vs,  ;ue..  as  tne  s-lf  natts,  *:  see  if  tr.ey  te..ace  i 
tc  tr.e  »:yia*ed  3arc;s...es 


..  ether  types 
similar  fasni. 


b.  vrtaAr.  furtr.er  ccr.firaat lc::  .1  the  tr.eory  relati  g  anoc.c  current  density 
to  areas  f  adscrptivT .  Lr.e  premisi  g  tecftr.iqu-  is  the  c.  pper  displacement 
metned.  -  Inis  me t r.od  .*  based  up.y  the  principle  ' r.a *  copper  will  be 
displaced  from  a  solution  r f  so*utie  copper  salts  nt.  a  steel  surface  wr.ich 
has  r.o  pr  tec’ive  insulating  tascroea  film. 
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ADVANCED  POLYMER  RESEARCH  TO  DEVELOP  POLYMERS  FOR  USE  IN 
COATINGS  EXPOSED  TOEX rR EME  ENVIRONMENTS 


W.  W.  HOWERTON 


Background . 

The  increased  speeds  of  Navy  and  other  military  aircraft  have  made 
it  mandatory  to  develop  coating  polymers  that  will  withstand  high  tem¬ 
peratures  and  have  other  superior  performance  characteristics.  As  no 
polymers  were  available,  either  commercially  or  from  govarnsse..  research 
contracts,  to  meet  these  advanced  applications,  a  limited  po*ymsr  re¬ 
search  program  was  initiated  in  October  1963  at  the  Aeronautical  Materials 
Laboratory  to  develop  such  polymers.  As  one  requiremest  oi  tuis  program, 
an  engineering  oriented  approach  is  beinq  maintained  sc  tiist  <iran»Jsing 
polymers  may  be  put  into  production  more  quickly.  Also*  when  ossible, 
commercially  available  chemical  intermediates  are  beinf  used. 

Work  continues  to  be  concentrated  primarily  on  arom^-ti'  ty^  ?  struc¬ 
tures  for  outstanding  heat  resistance,  and  more  particularly  with  Bic- 
phenol  A  type  polypheny  1  ester  polymers.  To  date,  modifications  cf  this 
type  polymer  appear  to  hold  the  most  promise  of  meeting  the  many  neces¬ 
sary  requirements  of  a  high  temperature  coating  polymer. 

Objectives . 

The  principal  objectives  are  as  follows: 

a.  Development  of  a  sirap’e  interfacial  polymerization  process  that 
consistently  will  produce  the  required  high  molecular  weight  polymers  in 
the  minimum  amount  of  time. 

b.  The  immediate  polymer  target  is  the  development  of  a  high  tem¬ 
perature  resistant  coating  polymer  with  the  following  characteristics: 

li)  Ready  solubility  in  relatively  non- toxic  paint  solvent', 
such  as  aromatics  and  ketones,  and  capable,  afte'  spray-application,  of 
being  usable  in  a  maximum  of  three  days  and  preferably  in  one  day  of  am¬ 
bient  temperature  air  drying. 

(2)  Solutions  must  be  of  low  viscosity  for  high  solids  buildup 
during  spray  application. 

(3)  Resistance  to  jet  fuels  and  hot  jet  lubes  (2  hrs.  at  250°?) 

(9)  High  temperature  resistance  t  ">  500°F. 
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(5)  High  glass  transition  temperature  (negligible  softening 
at  500°F ) . 

(6)  Low  temperature  resistance  to  -65°F. 

(7)  Toughnesr  and  abrasion  resistance. 

(8)  Fatigue  resistance  (non-cracking  in  fastener  areas  of  air¬ 
craft)  . 

(9)  Weathering  resistance: 

(a)  Ultraviolet  resistance. 

(b)  Moisture  and  hydrolysis  resistance. 

(c)  Craze  resistance. 

(10)  Formulated  paints  should  have  good  package  stability  for 
1  year  at  90°  -  100°F. 

(11)  Coatings  after  application  should  be  glossy. 

(12)  Good  adhesion. 

c.  Development  of  a  polymer  for  coatings  that  is  capable  of  service 
in  the  1GX)°F  range.  This  coating  may  be  baked  to  develop  optimum  proper¬ 
ties  . 


d.  A  long  range  target  is  to  develop  a  series  of  stable- structure 
monomers  from  which  stable  polymers  can  be  rather  quickly  made  to  meet 
almost  any  required  application,  including  other  than  coatings. 

Accomplishments . 

During  the  past  year,  additional  process  development  has  been  di¬ 
rected  to  a  further  improvement  of  the  interfacial  polymerization  method 
being  utilized  in  the  synthesis  of  high  temperature  coating  polymers. 
This  has  resulted  in  two  primary  benefits: 

1.  Polymerization  cycles  have  been  reduced  from  3  hours  to  15  min¬ 
utes,  giving  a  greatly  increased  utilization  of  personnel  and  equipment. 

2.  Molecular  weights  of  polymers  have  been  increased,  resulting  in 
a  marked  improvement  in  elongation  and  resistance  to  crazing,  both  of 
which  are  very  necessary  for  a  good  coating  polymer. 
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Relative  to  Bisphenol  A  type  polyphenyl  ester  coating  polymers,  a 
breakthrough  has  been  obtained  in  high  temperature  performance,  from 
500°F  to  750°F,  by  thermal  cross-linking.  In  practice  this  reaction 
should  occur  naturally  during  aircraft  operation  at  higher  speeds,  as 
skin  temperatures  increase. 

New  high  molecular  weight  Fluoro-Bisphenol  A  (Hexaf luoroacetone 
Bisphenol  A)  polyphenyl  ester  polymers  have  been  developed  which  exhibit 
greatly  improved  resistance  to  discoloration  at  elevated  temperature. 

A  summary  describing  important  phases  of  the  coating  polymer  re¬ 
search  and  development  work  is  given  below. 

a.  Interfacial  Polymerization. 

The  resin  kettle  used  for  earlier  interfacial  polymerization 
has  been  replaced  by  a  Waring  Blender  unit.  This  has  resulted  primarily 
in  decreased  polymerization  time,  from  approximately  3  hours  to  13  min¬ 
utes,  and  has  made  possible  more  efficient  utilization  of  personnel  and 
equipment . 


High  molecular  weight  polymers  are  now  more  consistently  ob¬ 
tained  from  stoichiometric  quantities  of  reactants  in  the  two  immiscible 
liquid  phases.  This  has  been  accomplished  primarily  by  using  approxi¬ 
mately  equal  volumes  of  the  two  liquid  phases  and  also  by  operating  the 
Blender  for  a  sufficient  period  of  time  (13  minutes  for  the  1  gallon 
Blender)  to  exhaust  the  reactants  completely.  It  has  been  noted  in  prac¬ 
tice  that  this  has  occurred  when  the  pH  of  the  aqueous  phase  is  between 
approximately  7  and  8. 

b.  Solubility. 

In  order  for  a  coating  polymer  to  be  used  easily,  it  must  be 
readily  soluble  in  relatively  non-toxic  usable  paint  solvents,  such  as 
aromatics,  ketones,  and  etc.  Until  recently,  almost  all  Bisphenol  A 
polyphenyl  composition  modifications  were  not  sufficiently  soluble  in 
paint  solvents.  Those  that  gave  indication  of  good  solubility  in  sol¬ 
vents,  such  as  toluene,  would  usually  g*:ll  in  one  to  two  weeks  at  higher 
solids  (20%)  concentration.  This  may  be  seen  by  an  examination  of  various 
compositions  m  Figure  1.  It  will  be  noted  that  all  of  the  polymers  are 
soluble  in  tetrachloroethane  (TCE),  but  this  solvent  is  highly  toxic  and 
was  used  only  to  cast  films  for  Instron  and  other  tests. 

We  have  recently  developed  polymers  containing  Hexaf luoroacetone 
Bisphenol  A  (6FK-BPA)  with  a  higher  ratio  of  T sophthal ic 'Terephthal lc 
(70/30)  than  the  50/50  used  formerly.  These  have  improved  solubility 
particularly  in  toluene,  as  may  be  seen  in  Figure  1,  Runs  H-160-2  and 
H-166.  Also,  solution  viscosities  are  lower,  which  allows  higher  solids 
build-up  during  spray  application  of  coatings.  These  polymers,  being 
thermoplastic,  are  ready  for  use  as  soon  as  the  solvent  evaporates. 


SOLUBILITIES  -  BISPHENOL  A  TYPE  POLYPHENYL  ESTER  POLYMERS 
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Hexaf luoroacetone  Bisphenol  A,  high  purity.  Allied  Chemical  Corporati 
Bisphenol  A,  high  purity,  General  Electric  Company 
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(2)  Hexaf luoroacetone  Bisphenol  A,  Allied  Chemical  Corporation 
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PIPERAZINE  -  BiSPHEHOL  A  POLYPHENYL  ESTER  POLYMER 

FISMI  S 


8 ISPHENOL  A  —  POLYPHENYL  ESTER  POLYMER 


FlSillt  4 


POLYPHENYL  ESTER  POLYMER  WITH  RIEPHENOL  A  CONTAINING 

PLUORO  -DIMETHYL  GROUPS. 

moil  5 


OICUMYL  PHENOL  POLYPHENYL  ESTER  POLYMER 


c.  Jet  Lube  and  Jet  Fuel  Resistance. 


Aircraft  coatings  must  be  unaffected  by  jet  lubes  and  jet  fuels, 
particularly  at  ambient  temperatures.  It  is  desirable  that  the  coatings 
also  resist  jet  lubes  at  somewhat  elevated  temperatures,  since  leakage 
or  spillage  of  jet  lubes  onto  aircraft  surfaces  may  occur  at  times,  and 
with  aircraft  operating  at  high  speeds,  surface  temperatures  will  be 
somewhat  elevated.  An  exposure  of  films  or  coatir.gs  to  two  hours  in  jet 
lubes  at  250°F  has  been  used  as  a  screening  test  in  an  attempt  to  simu¬ 
late  such  conditions.  Tests  on  seven  Bisphenol  A  type  polyphenyl  ester 
polymer  compositions  have  been  made  in  jet  lubes  and  fuels  at  room  tem¬ 
perature  and  also  at  the  elevated  temperature  (250°F)  in  jet  lubes.  Re¬ 
sults  are  given  in  Figure  2.  It  will  be  seen  that  all  polymers  resisted 
any  harmful  effects  at  room  temperature.  At  the  elevated  jet  lube  tem¬ 
perature,  a  newly  developed  polymer  containing  Piperazine  (Run  H- 155-1) 
gave  best  results.  The  structure  of  this  polymer  is  shown  in  Figure  3. 

It  is  presently  being  evaluated  for  other  characteristics.  In  Figure 
2,  it  will  also  be  seen  that  the  standard  Bisphenol  A  polyphenyl  ester 
polymer  (Run  H- 150- (3-6))  also  gave  good  results  in  the  tests,  although 
there  was  some  slight  surface  crazing  in  the  MIL- L- 7808  jet  lube  at 
250°F . 


The  fluoro  containing  polymers,  for  example,  Runs  H-138, 

H- 160-2,  and  H- 166  in  Figure  2  have  not  been  satisfactory  to  date  in  the 
hot  jet  lube  test.  These  types  of  polymers  have  excellent  heat  resis¬ 
tance  and  good  solubility  in  toluene  and  efforts  are  being  made  to  im¬ 
prove  their  hot  jet  lube  resistance.  Run  H- 167  is  an  illustration  in 
which  the  addition  of  a  small  amount  of  Piperazine  into  the  structure  of 
the  polyme'  has  given  some  improvement  in  the  lube  resistance. 

d.  High  Temperature  Resistance. 

Comparative  heat  tests  have  been  run  on  several  promising  poly- 
phenyl  ester  polymers  which  were  synthesized,  including  the  earlier 
standard  one  containing  Bisphenol  A  (Run  No.  128),  whose  structure  is 
shown  in  Figure  4.  Included  also  were  polymers  containing  Fluorodimethyl 
Bisphenol  A  ( Hexaf luoroacetone  Bisphenol  A)  as  illustrated  by  the  struc¬ 
tural  formula  ir.  Figure  5  (Run  No.  130);  polymers  containing  Dicumyl 
Phenol  as  shown  in  Figure  6  (Run  132);  polymers  containing  P,P' -Biphenol 
(Run  133)  instead  of  the  Bisphenol  A  shown  in  Figure  4;  and  polymers  con¬ 
taining  Tetraf luorodichlor oacetone  Bisphenol  A  (Run  No.  135>  instead  of 
the  Hexaf luoroacetone  Bisphenol  A  shown  in  Figure  5. 

For  the  heat  tests,  1  mil  clear  citings  of  the  polymers  were 
flov-caatt  .  aito  J"  x  6"  anodized  2024  aluminum  panels  and  a l lowed  to  dry. 
Panel*  of  the  various  polymer  coatings  were  ther  subjected  to  heat  cycles 
in  an  air-circulating  oven  for  l  hour  each  at  600° ,  '00  ,  and  SOO^F,  for 
a  total  exposure  of  3  hours.  Photographs  were  taken  of  the  panels  after 
each  hxir  of  exposure  to  record  any  color  development  or  other  changes 
wMch  occurred. 


FLUORO  SERIES 


Moial  %  Composition 


Run 

No. 

Bisphenol  A(l) 

6FK-BPA(2) 

Isophthalovl 

Chloride 

Tet  ephtha loy 1 
Chloride 

Remarks 

128 

50 

-- 

25 

25 

Control 

127 

40 

10 

25 

25 

None 

131 

30 

20 

25 

25 

None 

136 

10 

40 

25 

25 

None 

130 

50 

25 

25 

None 

(1)  Bisphenol  A,  high  purity,  General  Electric  Companv 

(2)  Hexaf luoroacetone  Bisphenol  A,  high  punt'  ,  Allied  Chemical  Corporation 


FIGURE 


Composition  of  the  specific  polymers  tested  in  the  flucrine-cc  :  ...ring 
series  of  polyphenyl  ester  polymers  is  shown  in  Figure  7.  Polymers  cor  .ring 
only  moderate  amounts  of  Fluoro-Bisphenol  A  (6FK-BPA'  (Runs  1  and  131 
respectively)  did  not  ag  better  then  the  control  (Run  128'  which  conta  1  no 

fluorine.  Those  that  contained  major  amounts,  or  all  Fluoro-Bisphenol 
(Runs  12o  and  130),  ajed  significantly  better  than  the  <  '•  r  panels  ,.n 
series.  Although  not  shown  in  this  report,  these  panels  were  alsc  aged 
900 *F  for  1  hour.  At  this  temperature  all  coatings  completely  evaporat 
except  for  panel  in  Run  136  on  which  approximately  one-third  of  a  parti  * rin 
coating  still  remained.  All  coatings  thri  igh  S00*F  cy  •  remained  as  i  gral 
and  continuous  coatings  and  panels  could  be  bent  over  ^e-quarter  inch 
drels  without  cracking.  It  was  also  observed  during  this  "at  test  tha 
coatings  had  become  thermally  cross-linked  and  were  higniv  resistant  to 
effects  of  powerful  solvents  for  these  type  polymers,  such  as  tetrachlo  ‘hare 
The  cross-IinKing  roChanisa  is  being  investigated  further. 


Composition  of  specific  polymers  tested  in  the  Dicumyi  Phenol 
is  shown  in  Figure  8.  Run  132  contains  the  maximum  amount  of  Dicusyl  F 
i.e. ,  50  molal  percent,  or  100%  of  the  dihydroxy  intermediate.  A  comps 
of  panels  of  Run  i32  with  standard  Bisphenol  A  -  polyphenyl  ester  1  Run 
after  the  70Q°F  heat  test  for  one  hour  shewed  that  !.c.  178  darkens  less 
No.  182.  It  is  believed  that  the  differe  e  in  this  particular  ase  ma 
been  due  to  some  impurity  in  the  Dieumyl  Phenol  (No.  1321*  since  it  was 
that  the  purity  was  somewhat  less  than  the  No.  128  Bisphenol  A  which  is 
purified.  A  comparison  of  these  two  rune  after  the  50C,#F  -  I  hour  test 
that  the  No.  152  had  almost  completely  disappeared  from  the  panel.  Tiu 
apparently  caused  by  the  very  highly  thermally  cross- li;uteu  coating.  I 
linking  apparently  occurs  through  the  -OH a  groups,  and  since  there  is  a 


proportion  of  tne.-e  m 
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DICUMYL  PHENOL  SERIES 


ion 


BIPHENOL  SERIES 


Run  No 

128 

133 

130 


(1) 

(2) 

(3) 

(4) 


Molal  %  Composition 


BPA(1) 

6FF*BPA<2) 

Biphenol (3) 

Isophthalovl 

Chloride^4' 

Terephthalovl 

Chloride*4' 

Remarks 

50 

•  • 

*  m 

25 

25 

Control 

•  * 

25 

25 

25 

25 

None 

•  • 

50 

m  « 

25 

25 

Control 

Blsphenol  A,  high  purity.  General  Electric  Company 

Hexaf iuoroacetone  Blsphenol  A,  high  purity,  Allied  Chemical  Corporation 
P,  P'  -  Biphenol,  high  purity,  Eastman 

Isophthaloyi  and  Terephthaloyl  Chloride,  high  purity,  Hooker  Chemical  Company 


FIGURE  9 
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Polymers  were  also  made  containing  some  chlorine  (Run  135 1  Figure 
10)  as  a  partial  replacement  of  some  of  the  fluorine  in  the  6FK-BPA. 
Although  the  heat  stability  was  better  than  the  control  with  Bisphenol  A, 
Run  No.  128,  it  was  not  as  good  as  No.  130  with  the  maximum  amount  of 
6FK-BPA. 


The  General  series  gave  a  relative  heat  stability  comparison  of 
the  various  groups  of  polymers  discussed  above  after  exposure  of  one  hour 
each  at  600°,  700°,  and  800°F  for  a  total  exposure  of  3  hours.  Two  panels 
which  contained  predominant  amounts  of  the  Fluorodimetfcyl  Bisphenol  A 
(6FK-BPA)  were  superior  to  all  of  the  other  panels  in  heat  resistance. 

e.  Low  Temperature  Resistance. 

All  of  the  polymers  produced  have  had  good  low  temperature  re¬ 
sistance.  Films  of  the  most  outstanding  ones  were  made  and  subjected  to 
-65®F  exposure,  Figure  11.  All  remained  quite  flexible  at  this  tempera¬ 
ture. 


f.  Weather  Resistance. 


Earlier  titanium  dioxide  pigmented  standard  Bisphenol  A  poly¬ 
phenyl  ester  polymer  coatings  which  were  exposed  to  four  months  of 
Florida  weathering,  exhibited  chalking  on  the  surface  in  much  the  same 
manner  as  epoxy  coatings,  A  close  exan.inat.ion  of  the  coating  beneath 
this  chalk  showed  fine  cracks  and  checking.  This  was  also  true  of  the 
area  of  the  coated  panel  under  the  clamps,  not  exposed  to  direct  sunlight 
but  exposed  to  the  other  weathering  elements.  It  thus  appeared  that 
moisture  was  definitely  a  factor  in  the  aging  of  these  titanium  dioxide 
pigmented  polymers,  and  was  probably  causing  hydrolysis  of  the  ester 
groups  in  the  polymer  structure.  Efforts  were  then  made  to  evaluate  and 
develop  polymers  of  this  type  with  maximum  water  resistance  and  maximum 
resistance  to  the  effects  of  moisture.  A  test  was  set  up  in  which  1  mil 
clear  coatings  of  polymers  of  the  Bisphenol  A  type  polyphenyl  ester 
polymer  on  3"  x  5"  anodized  2024  aluminum  panels  were  half  submerged  in 
water  for  periods  of  two  or  three  months  to  observe  any  changes  that 
might  occur.  Results  of  tests  are  shown  in  Figure  12.  In  general,  all 
of  the  polynrrs  performed  well  in  this  test  with  the  exception  of  Run 
H-134  containing  25  mole  percent  of  Dicumyl  Phenol.  This  poor  result  is 
believed  due  to  the  fairly  low  molecular  weight  polymer  in  this  case 
since  the  polymer  containing  50  mole  percent  Dicumyl  Phenol  (Run  H-132) 
resisted  any  effects  of  the  water  test.  The  50  mole  percent  Fluoro- 
dimethyl  Bisphenol  A  (6FK-BPA)  polymer  of  Run  H-130  had  a  small  amount 
of  crazing  but  the  H-136  polymer  containing  only  40  mole  percent 
6FK-BPA  did  not.  The  earlier  heat  aging  tests  showed  H-136  to  age  as 
well  as  H-130,  so  from  these  tests  it  appears  that  H-136  is  a  slightly 
better  polymer  than  H-130  for  the  coating  application. 
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CHLOROFLUORO  SERIES 


Run  No. 

Molal  %  Composition 

Remarks 

BPA(l) 

(2) 

4FK-BPA^  ' 

6FK-BPA(3) 

Isophthalovl 
Chlor  ide^' 

Terephthaloyl 

Chloride^' 

128 

50 

25 

25 

Control 

135 

50 

25 

25 

None 

130 

50 

25 

25 

Control 

(1)  Bisphenol  A,  high  purity.  General  Electric  Company 

(2)  Tetraf luorodichloroacetone  Bisphenol  A,  high  purity,  Allied  Chemical  Corp. 

(3)  Hexaf luoroacetone  Bisphenol  A,  high  purity,  Allied  Chemical  Corp. 

(A)  Isophthaloyl  and  Terephthaloyl  Chloride,  high  purity,  Hooker  Chemical  Corp. 


FIGURE  10 
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Molal  X  Composition 

Run  No. 

Remarks 

50 

6FK-BPA(l) 

H-  138 

Passed  - 

flexible 

25 

Isophthaloyl^' 

H-  130 

Passed  • 

flexible 

25 

Terephthaioyl'^' 

H-1A2 

Passed  - 

flexible 

AO 

6FK-BPA 

H- 151- 1 

Passed  - 

flexible 

10 

bpa<M 

25 

Isophthaloyl 

25 

Terephthaioyl 

25 

BpA  ... 

H- 155-1 

Passed  - 

flexible 

25 

Piperazine1 5 ’ 

H- 155-  2 

Passed  - 

flexible 

25 

Isophthaloyl 

H- 155-3 

Passed  - 

flexible 

25 

Terephthaioyl 

H- 155-5 

Passed  - 

flexible 

50 

BPA 

H- 150- (3-6) 

Passed  - 

flexible 

25 

Isophthaloyl 

H*  156 

Passed  - 

flexible 

25 

Terephthaioyl 

(1) 

Hexaf luoroacetone  Bisphenol  A,  high  purity, 

Allied  Chemical  Corp. 

(2) 

, (3)  Isophthaloyl  and  terephthaioyl  chloride 

,  high  purity, 

Hooker 

Chemical  Corp. 

(A) 

Bisphenol  a,  high  purity 

,  General  Electric  Company 

(5) 

Piperazine,  high  purity. 

Jefferson  Chemical  Company 

FIGURE  11 
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WATER  TEST  OF  1  MIL  CLEAR  BISPHENOL  A  TYPE 
POLYPHENYL  ESTER  COATINGS  ON 
NON -CLAD  ANODIZED  ALUMINUM  PANELS 
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(1)  Hexafluoro  acetone  Bisphenol  A,  Allied  Chemical  Corporation 

(2)  Tetraf luorodichioro  Bisphenol  A,  Allied  Chemical  Corporation 


g.  Other  Properties  of  Polymer. 


Other  required  properties  of  the  coating  polymer  not  specifi¬ 
cally  discussed  in  detail  above  are  satisfactory  or  under  study.  Tough¬ 
ness  and  abrasion  resistance  are  outstanding.  Glass  transition  tempera¬ 
tures  are  high  and  cross-linking  occurs  at  higher  temperatures,  so  that 
softening  of  the  polymer  coating  at  elevated  temperature  is  not  a  problem. 
Fatigue  resistance  has  not  yet  been  evaluated,  but  attempts  are  being  made 
to  keep  elongations  of  coatings  as  high  as  possible  as  this  is  considered 
a  related  factor.  Adhesion  of  coatings,  without  primer,  to  anodized  2024 
aluminum  panels  is  good.  Detailed  evaluations  have  not  yet  been  made  with 
other  surfaces.  Long  range  heat  tests  of  168  hours  at  500°F  are  in  prepa¬ 
ration  with  silicone  coatings  being  used  as  a  control.  Glossy  coatings 
are  considered  primarily  a  function  of  pigmentation  volume  and  titanium 
pigmentation  will  be  kept  to  a  minimum  to  help  assure  this.  One-year 
package  stability  tests  will,  of  course,  have  to  be  made  on  the  final 
polymer  that  is  developed  and  formulated  into  paint  for  this  application. 

Future  Plans. 

In  addition  to  the  work  which  is  underway  and  has  been  discussed, 
research  and  development  work  will  be  initiated  in  the  following  areas: 

a.  The  possibilities  of  developing  a  room  temperature  cross-linking 
or  curing  system  will  be  explored. 

b.  Process  development  work  will  be  pursued  relative  to  the  feasi¬ 
bility  of  emulsion  interfacial  polymerization  to  polymerize  promising 
intermediates  which  are  not  as  reactive  as  some  of  the  present  ones,  but 
which  would  impart  Important  properties. 

c.  The  effect  on  polymer  heat  stability  and  long  range  aging  of 
end-capping  polymer  chains  with  aromatic  groups  will  be  investigated. 
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STUDY  OF  FRACTURE  MECHANISMS  BY  MICROFRACTOGR* PHY 


WILLIAM  A.  SIPES  AND  JOHN  F.  DANOVICH 


Background. 

Failure  analysis  is  effective  only  insofar  as  it  can  determine  "the 
cause  of  failure."  For  the  materials  engineer,  the  crux  of  the  problem 
pertains  to  describing,  diagnosing,  and  explaining  the  fact  of  fracture. 
Unfortunately,  materials  science  has  not  yet  reduced  the  subtleties  of 
the  phenomena  to  a  complete  and  definitive  analysis.  Among  the  many 
tools  used  for  such  investigation  is  the  electron  microscope.  Electron 
transmission  techniques  have  proved  invaluable  in  the  study  of  the 
deformation  and  plasticity  of  materials.  A  newer  approach,  using 
replication  methods,  has  now  emerged  as  a  means  of  delineating  the  final 
consequences  of  these  processes  •  fracture. 

However,  at  a  very  practical  level,  the  success  of  the  instrument  in 
discriminating  previously  unobserved  details  of  fracture  surfaces  had 
led  to  problems  of  nomenclature  and  identification.  i/  The  commonly 
used  explanations,  even  theories  of  fracture,  must  take  account  of  these 
new  details  of  fracture  topology  revealed  by  the  electron  microscope. 

Objective. 

1.  The  long  range  goal  of  this  research  is  to  assist  in  identifying 
the  causes  for  material  failures  in  high  strength  materials. 

2.  The  immediate  aim  of  the  work  reported  below  is  to  describe  those 
aspects  of  hydrogen  embrittlement  which  distinguish  it  from  the  other 
mechanisms  of  so-called  "brittle"  fracture. 

Accomplishments. 

1.  The  initial  task  confronting  this  investigation  was  the  problem  of 
providing  fracture  surfaces,  which,  for  want  of  a  better  phrase,  could 
be  described  as  "pedigreed  hydrogen  embrittlement"  fractures.  The 
consensus  of  published  work  indicated  that  such  failures  are  the  result 
of  complicated  interactions  involving  numerous  variables,  which  together 
might  be  considered  the  "failure  envelope."  These  include  all  those 
familiar  to  continuum  mechanics  as  well  as  those  of  physicat  chemistry. 
Neither  atomic  mechanisms  nor  electrochemical  effects  can  be  ignored 
safely.  Hence,  test  methods  which  involved  a  piece-meal  attack,  although 
informative,  would  tend  to  lead  to  Intractable  difficulties  when  attempts 
are  made  to  correlate  the  test  with  information  obtained  from  electron 
fractographs.  An  accident  which  occurred  during  the  investigation 
of  the  effect  of  stress  on  the  permeation  rate  of  hydrogen 
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§£gclggn  Dlaenslons: 

1.  Overall  3"  x  9"  x  1/8"  thick 

2.  Gage  Section  2k"  *  5" 

0.090"  thick 

t 

Maaklna  Compound: 

Cellulose  acetate  fease 
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Note:  1.  Specimen  Gage  Section  Hydrogen  Window  - 
1"  square 

I  2.  Note  delayed  transverse  crack  indicating 

•  embrittled  "notch” 

3.  At  specimen  edges,  ductile  failure  is 

J-  indicated  by  shear  lip  "tongues'.' 

r  Figure  3  Photograph  (IX)  of  Hydrogen  Embrittlement 

Test  Specimen,  AISI  4340  Steel  at  240,000 
psi  Strength  Level 
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through  a  membrane  of  high  strength  AISI  4340  steel  1-  if'  fortuitously 
suggested  a  solution  to  this  problem.  After  certain  modifications  in 
specimen  size  and  cell  configuration  and  preparation,  fracture  surfaces 
of  sufficient  size  for  replication  were  obtained.  The  successful 
production  of  such  fractures  indicates  that  a  means  of  correlating 
fracture  mechanics,  electrochemical  effects,  and  tne  phenomena  associated 
with  the  atomic  mechanisms  of  failure  may  be  possiDle.  This  method  of 
obtaining  fracture  surfaces  suggests  that  it  will  be  possible  to  confirm 
the  hypothesis  put  forward  by  Troiano  1'  to  explain  the  mechanism  of 
hydrogen  embrittlement  and  delayed  fracture.  Also,  merely  by  changing 
the  polarity  of  the  test  cell,  conditions  analogous  to  stress  corrosion 
effects  may  be  studied.  See  Figures  1  and  2. 

2.  The  fracture  surfaces  obtained,  on  the  macroscopic  level,  effectively 
demonstrated  the  "notch"  effect  of  hydrogen  embrittlement  -  Figures  3  and 
4.  However,  the  most  interesting  results,  considering  the  differences 
among  current  explanatory  theories,  were  observed  in  the  electron 
fractographs  -  Figures  5  and  6.  Besides  indicating  features  of  fracture 
topology  previously  unreported,  these  electron  fractographs  demonstrate 
that  it  will  be  possible  to  correlate  the  observed  phenomena  with  test 
variables.  In  this  regard,  recent  work  has  been  directed  toward  confirm¬ 
ing  the  results  so  far  obtained.  Selected  area  election  diffraction. 
Figure  7,  has  been  used  in  an  attempt  to  identify  the  crystallite  species 
observed  in  the  brittle  fracture  area  of  the  failed  surface. 

Future  Plans. 

* 

1.  Work  will  be  done  to  confirm  the  critical  test  parameters  required 
to  reproduce  the  fracture  topologies  so  far  observed.  The  electron 
microprobe,  now  being  procured,  will  be  used,  as  available,  to  examine 
selected  features  of  the  hydrogen  embrittlement  fracture  surface, 

2.  Electron  f ractographic  surveys  will  be  made  using  "stress  corrosion" 
fracture  surfaces  induced  in  high  strength  AISI  4340  using  a  modification 
in  test  procedures. 
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METABOLIC  MECHANISMS  Of  MAH  IN  THE  FULL  PRESSURE  SUIT 
E.  HENDLER  and  0.  W.  OERY 


Background. 

The  full  pressure  suit  is  an  essential  piece  of  life  support  equipment  re¬ 
quired  by  personnel  engaged  in  flying  high-altitude,  high-performance  rircraft, 
as  well  as  manned  spacecraft.  Since  the  body  is  entirely  enclosed  within  a 
gas-tight,  impermeable  garment  for  prolonged  periods  of  time,  provisions  must 
be  made  for  assuring  an  environment  compatible  with  a  minimum  of 
performance  decrement. 

■Objective. 

The  present  study  has  as  its  objective  the  quantitative  evaluation  of  the 
energy  requirements  of  man  during  task  performance  while  dressed  in  the  full 
pressure  suit.  Conduct  of  this  study  is  expected  to  provide  contribution; 
toward  defining  life  support  system  requirements  in  manned  aerospace  vehicles, 
toward  improving  bioinstrumentation  methodology  for  remote  physiological  and 
psychological  monitoring  of  human  subjects,  and  toward  relating  performance 
capability  in  the  full  pressure  suit  to  concurrent  physiological  changes. 

■M<ar«UahfflgnJLs- 

As  indicated  previously,  the  glass  house  (chamber  in  which  metabolic  measure¬ 
ments  will  be  made)  was  relocated  and  reassembled;  however,  plumbing  and 
electrical  services  to  make  the  enclosure  functional  have  not  yet  been  installed. 
Consequently,  it  has  not  been  possible  to  proceed  with  the  task  sequence 
as  planned. 

A  small  analog  computer  was  purchased  and  installed,  and  two  of  the  investi¬ 
gators  working  on  this  project  were  trained  in  its  use  and  applications. 

The  computer  has  been  programmed  to  process  data  obtained  in  the  course  of 
the  work  described  below. 

A  review  of  the  literature  was  undertaken  for  the  purpose  of  determining 
methods  of  assessing  respiratory  function  in  men,  which  would  also  be  compatible 
with  the  wearing  of  the  full  pressure  suit.  In  addition,  it  was  desired  to  find 
a  method  which  would  not  necessitate  encumbering  the  subject  with  excessive  gear, 
nor  interfere  with  the  normal  use  of  the  suit.  The  method  of  measuring  volume- 
flow  loops  appeared  promising,  and  was  therefore  investigated  in  some  detail, 
as  indicated  in  the  following  discussion. 

The  volume-flow  loop  refers  to  a  simultaneous  recording  of  changes  in  res¬ 
piratory  volume  and  flow  which  may  be  obtained  while  a  subject  performs  certain 
'espiratory  maneuvers.  Such  loops  contain  a  relatively  large  amount  of  information 
pertaining  to  a  subject's  respiratory  capability,  as  will  be  shown,  while  at 
the  same  time  presenting  this  information  in  a  compact  and  convenient  manner. 

The  configuration  of  these  loops  is  quits  consistent  in  size  and  shape  for  a 
given  individual,  and  therefore  may  reflect  subtle  changes  in  respiratory  function 


ri«.  I  Arr«fMt  •#  Ippwttit  f  — —  r#  rnylrtfry 


SPIROMETER  OUTPUT  (l) 


136 


as  a  result  of  imposed  stress.  Another  important  advantage  of  this  method  of 
presentation  Is  that  respiratory  dysfunctions  of  many  kinds  are  easily  recognized. 
This  is  in  contrast  to  the  rather  tedious  graphical  analyses  required  to  obtain 
equivalent  information  from  the  usual  spirograms. 

Fig.  I  indicates  the  procedure  fol lowed  in  obtaining  volume-f low  loops. 

Seated  subjects  breathed  inta  a  waterless  WEDGE  spirometer  (Med-Science 
Electronics,  Inc.)  through  a  mouthpiece  connected  to  a  short  length  of  wide-bore 
tubing.  Two  electrical  outputs  from  the  WEDGE  spirometer,  one  proportional  to 
volume  and  the  other  proportional  to  flow,  were  amplified  and  fed  into  an 
X-Y  plotter.  As  shown  in  Fig.  I,  the  spirometer  outputs  could  also  be  fed  into 
an  oscilloscope  capable  of  retaining  the  trace  so  obtained  on  the  tube  face. 

The  latter  was  used  for  monitoring  and  training  purposes.  A  number  of  subjects 
were  instructed  to  deliver  tidal  volumes  (TV)  and  forced  vital  capacities  (VC) 
into  the  spirometer,  and  these  maneuvers  were  practiced  until  consistent  loops 
were  produced.  Since  one  of  the  prime  purposes  of  this  study  was  to  evaluate 
the  accuracy  of  this  method  of  measuring  respiratory  functions,  the  subjects 
repeated  these  procedures  using  a  standard  13.5*1  iter  Collins  respirometer  from 
tdilch  records  of  volume  as  a  function  of  time  were  obtained. 

Calibration  of  the  WEDGE  spirometer  and  its  associated  recording  equipment 
was  accompli shoe  in  two  ways.  First,  measured  volumes  of  air  were  delivered  to 
the  spirometer  by  manually  expressing  this  air  from  beneath  the  bell  of  the 
Collins  resplroaieter.  Changes  in  air  volumes  of  the  latter  were  recorded  by  a 
stylus  mechpnical’y  linked  to  the  bell,  which  provided  a  record  of  volume  change 
as  a  function  of  time.  Simultaneous  volume  changes  thus  induced  in  the  WEOGE 
spirometer  were  recorded  as  pen  movements  along  the  x-axis  of  the  X-Y  plotter. 
Tangents  drawn  along  the  steepest  slopes  of  the  respirometer  volume-time  records 
were  used  as  measures  of  peak  flow.  These  were  compared  to  corresponding  peak 
flow  records  from  the  WEOGE  spirometer,  which  appeared  as  pen  movements  along 
the  y-axls  of  the  X-Y  plotter.  Second,  a  mechanical  breathing  machine  (Scott 
Aviation  Corp.,  No.  P/N  23575)  cyclically  injected  and  withdrew  preset  volumes 
of  air,  at  predetermined  frequencies,  into  and  out  of  the  spirometer.  The 
resultant  spirometer  outputs  of  volume  and  flow,  both  as  functions  of  time, 
were  recorded  on  a  Sanborn  Model  150  strip  chart  recorder,  as  well  as  the  plotter. 

Fig.  2  shows  the  mean  corrections  (plus  and  minus  three  standard  errors  of 
the  mean)  for  volumes  recorded  from  the  WEDGE  spirometer  on  the  X-Y  plotter.  The 
spirometer  Is  generally  used  in  a  partially  filled  condition,  to  allow  for 
either  deep  inspiration  or  deep  expiration  as  the  initial  respiratory  movement . 

In  our  tests,  the  starting  position  of  the  spirometer  was  adjusted  to  approxi¬ 
mately  4  .liters,  at  which  volume  no  voltage  output  was  fed  to  tnc  X-Y  plotter. 

As  the  volume  in  the  spironeter  decreased  below  4  liters,  an  increasingly  positive 
voltage  was  applied  to  the  plotter  pen;  for  volumes  greater  than  4  liters,  the 
applied  voltage  was  negative  in  sign.  It  Is  evident  from  Fig.  2  that  the  sauller 
corrections  ware  applied  in  the  usual  working  range  of  the  spirometer.  Respi- 
romater  readings,  tdtich  served  as  the  standard  for  calibrating  the  WEDGE  spirometer, 
could  not  be  read  closer  than  t  0.02  liters,  a  value  comparable  in  magnitude  to 
the  correction  factors  from  about  2  to  7  liters.  Ail  volumes  recorded  on  the 
X-Y  plotter  ware  corrected  in  accordance  with  the  values  shown  In  Fig.  2;  corrections 
for  intermediate  values  of  recorded  volumes  were  calculated  on  t  *  basis  of 
linear  changes  between  adjacent  corrections. 


TABLE  I 


COMPARISON  OF  CORRESPONDING  PEAK  FLOW  RATE  9 ET ERA I  NATIONS 
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1.69 
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This  value  not  Included  in  computing 


Peak  flows  determined  graphically  from  volume-time  curves  obtained  with  the 
respirometer  compared  favorably  with  corresponding  peak  flows  measured  on  the 
WEDGE  spirometer  flow  recordings  (Table  I).  In  addition,  electronic  integratlor 
of  spirometer  flow  signals,  using  the  computer,  resulted  in  volumes  essentially 
the  same  as  those  indicated  directly  by  the  respi rometer.  Spirometer  volumes 
obtained  directly,  and  by  integrating  the  flow  rate,  remained  unchanged  when 
produced  by  the  breathing  machine  over  the  frequency  range  of  5  to  60  cycles 
per  minute,  with  peak  flows  of  approximately  350  liters/min. 

Typical  VC  end  TV  volume-flow  loops  are  shown  in  Fig.  These  loops  were 
traced  directly  from  a  plotter  record,  and  indicate  the  usual  relationship  and 
shape  of  the  VC  and  TV  configurations.  Loops  of  maximum  breathing  capacity  were 
superimposed  on  the  voiume-flow  loops.  A  comparison  of  means  of  repeated 
measurements  of  tidal  volume,  expiratory  reserve,  inspiratory  capac  ity.  vital 
capacity,  maximum  breathing  capacity,  peak  expiratory  flow,  and  peak  inspiratory 
flow  for  twelve  subjects,  using  both  the  Collins  respirometer  and  the  volume-flow 
technic,  is  shown  in  Table  2.  All  of  the  values  shown  were  measured  at  ambient 
(sea-levei)  temperature  and  piessure  conditions.  When  tested  statistical ly, 
no  differences  could  be  found  between  the  values  obtained  for  each  of  the  above 
pulmonary  function  measurements  using  the  Collins  respirometer  and  those  obtained 
using  the  WEDGE  spirometer,  except  for  peak  inspiratory  flow.  The  latter  was 
found  to  be  significantly  higher  when  measured  using  the  WEDGE  spirometer. 

The  reason  for  this  difference  is  not  immediately  apparent,  and  further  efforts 
will  be  devoted  to  examining  this  phenomenon. 

Fig.  4  is  presented  to  illustrate  the  point,  previously  mentioned,  that 
volumeuflow  loops  may  serve  to  indicate  deviations  from  the  more  usual  respiratory 
patterns  in  a  most  striking  manner.  The  subject  in  this  case  was  a  young 
naval  aviator,  selected  as  a  potential  astronaut  candidate,  who  appeared  to  be 
in  excellent  physical  condition.  From  his  volume-flow  loops,  one  of  which  is 
shown  b$  Fig.  4,  it  is  quite  apparent  that  when  executing  a  forced  vital  capacity 
maneuver,  his  expiratory  flow  Is  reduced  throughout  much  of  his  functional  lung 
volume.  This  finding  was  much  more  difficult  to  visualize  tn  the  usual  spirograms, 
and  could  have  easily  escaped  detection. 

initial  procedures  were  worked  out  for  measuring  pressure  suit  leakage  by 
using  the  computer  to  calculate  continuously  the  difference  between  integrated 
inlet  and  outlet  flows  through  mass  flowmeters. 

future  fJina- 

It  is  planned  to  complete  installation  of  plumbing  and  electrical  services, 
in  order  to  have  a  functional  facility  for  carrying  out  the  principal  objectives 
of  this  study.  The  computer  will  continue  to  be  utilized  to  handle  data  ana  lysis, 
and  further  work  will  be  dene  to  evaluate  the  volume-flow  technic  for  measuring 
pulmonary  function.  A*  attempt  will  be  made  to  calibrate  a  pneumotachograph  for 
obtaining  volume-flow  loops  from  subjects  within  the  full  pressure  suit. 

Models  Incorporating  cyclic  volume  changes  with  controlled  leakage  rates  will  be 
tested  in  the  glass  house.  Unoccupied  and  occupied  pressure  suits  will  be 
Statically  and  dynamically  evaluated;  metabolism  and  other  physiological  functions 
of  men  l.i  full  pressure  suits  will  be  determined  for  the  resting,  exercising, 
and  psychomotor  task  performance  situations. 
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It  Is  Intended  to  prepare  e  paper  describing  the  work  performed  with  the 
volume- flow  technic  for  presentation  at  the  1 8th  Annual  Conference  in 
Engineering  in  Medicine  and  Bioiogy. 

fufellsitiani- 

Handler,  E.,  0.  W.  Oery,  end  N.  Miller:  Heart  rate  during  performance  of 
a  complex  physical  task.  Fed.  Proc.  23:522,  1964. 


THE  DEVELOPMENT  OF  ELECTROCHEMICAL  AND  METALLURGICAL  MEASURING 
TECHNIQUES  FOR  SIMULATED  DEEP  SEA  CONDITIONS 


JOHN  J.  DE  LUCCIA  AND  EDWARD  TAYLOR 


Background . 

The  deterioration  of  materials  exposed  to  seawater  has  been  investigated 
by  a  number  of  researchers,  and  much  is  contained  in  the  literature 
concerning  shallow  water  exposure.  Until  a  few  years  ago,  very  little 
deep  water  testing  (beyond  500  feet)  of  structural  materials  had  been 
accomplished.  A  project  titled,  "Oceanographic  Effects  on  Materials," 
was  initiated  at  that  time,  and  the  Aeronautical  Materials  Laboratory  (AML) 
has  since  exposed  several  thousand  specimens  of  about  100  different 
varieties  of  engineering  materials  to  depths  of  2300  and  5640  feet.  So 
far,  the  exposure  of  about  25%  of  these  specimens  has  been  completed  and 
the  determination  of  physical  and  chemical  changes  is  underway. 

Some  researchers  have  maintained  that  deep  woter  testing  of  metals  is 
unnecessary  since  little  oxygen  is  available  to  assist  in  the  corrosion 
reaction.  This  viewpoint  invited  scientific  curiosity,  and  the  deter¬ 
mination  perhaps,  by  deep  sea  simulation  equipment,  of  any  possible 
correlation  of  corrosion  rate  with  depth  and  oxygen  concentration. 

Recently,  identical  materials  which  were  exposed  at  two  different  depths 
for  similar  oericJs  were  examined  and  found  to  exhibit  more  severe  corro¬ 
sion  at  the  grea.er  depth  where  the  oxygen  concentration  happened  also  to 
be  greater.  This  result,  as  well  as  vermiform  (worm- like)  corrosion  of 
stainless  steels  due  to  water  flow  over  its  geometry,  has  convinced  these 
investigators  that  laboratory  simulation  of  deep  ocean  corrosion  is 
extremeiv  necessary  in  otJer  to  cope  with  these  problems. 

Object ive . 

The  specific  aim  of  the  program  is  to  develop  electrochemical  and 
metallurgical  instrumentation  techniques  suitable  for  monitoring  chemical, 
physical,  and  mechanical  changes  of  metals  exposed  to  pressurized  sea 
water  simulating  various  ocean  depths. 

Accompl ishments . 

A.  A  controlled  environment  system  (Figures  1  and  2)  for  deep  sea 
simulation  has  been  procured  and  is  being  fitted  with  numerous  accessories 
which  are  corrosion  resistant.  The  system  consists  of  a  pressure  vessel, 
a  cooling  unit  and  a  high  pressure  pump.  The  pressure  vessel  is  capable 
of  achieving  20,000  psi  and  0°C;  conditions  which  are  the  maximum  known 
for  any  ocean.  Because  a  flow  of  up  to  6  gal. /hr.  is  possible,  currents 
found  at  ocean  depths  can  also  be  simulated. 
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The  head  of  the  vessel  contains  8  electrical  feed-throughs,  so  that  any 
transducing  devices  mounted  on  the  electrochemical  cell  inside  tne 
vessel  will  be  able  to  deliver  their  signals  through  it.  A  fabricated 
plastic  jig  (high  pressure  electrochemical  cell)  Figjre  3)  has  been 
designed  and  constructed  to  facilitate  the  measurement  of  electrode 
potentials  of  metals  with  or  without  stressing.  Si  1 ver- s 1 lve i  cnlonde 
electrodes  are  being  constructed  with  established  techniques  I  to 
provide  pressure  insensitive  electrode  potential  measurements. 

A  data  recording  system  is  now  being  procured  which  will  monitor  and 
store  at  least  25  channels  of  information  for  periods  up  to  3  days. 

The  data  will  be  printed  voltages  with  polarity,  decimal  point  and 
channel  identification  also  prirted. 

B.  While  the  controlled  environment  system  was  being  procured,  a  hydro¬ 
static  testing  unit  was  designed  and  assembled  by  AML  personnel  using 
aircraft  hydraulic  parts.  Metal  specimens  were  fastened  to  a  p.astic 
frame,  stressed  with  wedges  and  enveloped  by  a  sealed  polyethylene  bag 
containing  fresh  seawater.  The  bag  was  placed  in  an  aircraft  accumulator 
pressurized  to  approximately  3000  psi  for  5  weeks. 

Upon  examination  after  this  exposure,  the  high  strength  steel,  stainless 
steel,  and  titanium  were  still  bright  and  free  of  corrosion,  whereas  the 
magnesium  had  severely  corroded.  It  was  concluded  that  the  magnesium, 
being  more  active  than  the  other  metals,  consumed  all  of  the  available 
oxygen  in  order  to  corrode,  thus  leaving  almost  none  for  the  steel  wmch 
severely  "rusts"  in  contact  with  oxygen. 

The  lesson  from  this  experiment  drove  home  the  fact  that  oxygen  plays  a 
key  role  in  deep  sea  corrosion,  and  close  monitoring  and  controlling  of 
a  flowing  system  nder  pressure  is  highly  desiraole. 

C.  Mr.  OeLuccia  presented  a  pap^r  on  the  deteriorative  effects  of  the 
sea  on  materials  at  the  First  Naval  Advisory  Council  on  Materials 
sponsored  Navy  Meeting  on  Corrosion  (Review  and  Analysis  of  the  Navy's 
Deep  Sea  Corrosion  and  Deterioration  Program)  held  at  the  Naval  Civil 
Engineering  Laboratory  (NCEL),  Port  Hueneme ,  California.  Inspection  of 
NCEL  s  simulation  equipment  and  subsequent  discussion  of  this  field 
brought  new  ideas  to  this  laboratory.  He  also  participated  in  a  committee 
during  June  1965,  which  will  evaluate  the  Navy's  current  program  on 
marine  corrosion  and  dete  r  lorat  i  on  lr,  the  light  of  requirements,  <»nd  then 
recommend  additions,  deletions,  and  changes  in  empnnsis  in  order  to 
formulate  integrated  and  balanced  Navy  Program  in  Marine  Corrosion  and 
Deteno-at  ion  which  will  support  adequately  the  Navy  s  commitment  to 

deep  ocean  engineering  ventures. 
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Future  Plans. 


Natural  seawater  purchased  under  contract  from  a  local  aquarium  will 
be  compared  with  artificial  seawater  and  solutions  of  metal  salts  to 
determine  the  pressure  insensitivity  and  other  pertinent  physical  and 
electrochemical  characteristics  of  reference  elect re  es  to  be  custom 
made  in  the  laboratory. 


A  plastic  liner  and  diffuser  will  be  constructed  for  the  vessel  to 
minimize  the  diffusion  of  copper  ions  from  the  monel  wails  to  the 
metallic  surfaces  under  investigation.  Fresh  filtered  seawater  will 
always  first  flow-  past  the  reference  electrode  in  this  system,  with 
the  specimens  receiving  the  water  next,  and  finally  contacting  the 
outer  wall  before  being  ejected. 


The  orientation  of  the  specimens  with  relation  to  the  direction  of 
water  flow  will  be  studied  to  duplicate  oxygen  concentration  cells 
which  were  found  cn  several  panels  exposed  to  the  ocean.  Crevices 
will  be  intentionally  formed  and  potential  measurements  will  monitor 
the  corrosion  rate. 


The  primary  effect  to 
ordinate"  results  but 
pressure  on  corrosion 
emf  ( E)  of  a  galvanic 


be  studied  depends  somewhat  on  the  above  "sub- 
is  concerned  specifically  with  the  effect  of 
reactions.  The  effect  of  pressure  (p)  on  the 
cell  can  be  predicted  from  the  classical  relations. 


where  &  G  is  the  change  in  free  energy,  AV  the  volume  change  when 
n  F,  radavs  (F)  are  passed  through  the  cell  at  constant  molal  concentra¬ 
tion  «m)  and  temperature  (T).  From  these  equations,  one  finds  that 
pressure  does  have  an  effect  on  corrosion  reactions:  this  effect  can  be 
measured  in  situ  by  the  simulation  apparatus  and  compared  with  predicted 
vs  lues . 


References . 


1/  Reference  Electrodes,  Ives  Janv,  Ac.  Press  *19bP. 


DCTELQf Mar  ..OF  jgiSflRIMG  TECffiC' CUE 
FOR  THE  ACC  IRATE  INDICATION  OF  TURBINE  INLET  TEMTOATHRE 

r.  raia 


Background 

Thia  project  was  undertaken  to  develop  a  temperature  measuring  system  capable 
of  providing  accurate  teiqweture  data  at  the  turbine  inlet  atatlona  of  a  gaa 
turbine  engine.  To  obtain  an  accurate  indication  of  te^ermture  in  thia  en¬ 
vironment,  an  averaging  technique  muat  be  uaed  becauae  of  the  extreme  temper¬ 
ature  gradienta  that  exist  in  the  area  of  the  turbine  inlet.  Average  temperature 
techniquea  of  maaaurment  uaed  at  preaent  have  been  found  unaul table,  particularly 
at  altitude  operating  condition*  where  large  discrepancies  have  been  oba erred 
between  T5  maaaured  and  T5  calculated  thermodynamically. 


Objectives 

The  object  of  thia  program  la  to  develop  a  new  instrumentation  technique  or  ayatea 
capable  of  providing  accurate  te^wrature  data  at  the  turbine  inlet  of  a  gee 
turbine  engine.  Thia  technique  or  ayatea  muat  be  oapeble  of  yielding  an  accurate 
temperature  profile  in  the  turbine  inlet  at  all  engine  operating  condition*. 


Aftcnil  i  aheanta 

Aa  the  reeult  of  a  literature  review  conducted  last  year,  three  technique*  of 
te^oxatfcre  aeaaoreaent  were  thought  to  be  applicable  in  the  environment  of  the 
turbine  inlet. 

(1)  Radiation  Measuring  Technique 

(2)  Gee  Penalty  Maaeuilng  Technique 

(3)  Shielded  Thermocouple  Measuring  Technique 

i.  SidjAllaa.  jfcjtaiflg.  ItatoiflMt 

Infra-red  radiation  was  investigated  and  the  following  oonclualona 
were  drawn.  The  te^erature  of  a  hot  gaa  stream  oan  be  determined 
if  the  senaer  » '■•a  only  the  gae  and  not  the  walla  of  the  containing 
duct.  However,  the  gae  product*  of  combustion  are  transparent  over 
the  greeter  part  of  the  spectrum;  there  are  only  a  few  discrete  waee 
bands  where  the  gae  product*  of  combustion  absorb  and  emit  radiant 
energy.  Sana  era  have  bean  designed  which  filter  out  all  radiation, 
except  that  being  emitted  from  a  gaseous  target  in  a  well  defined 
spectral  band.  For  example,  a  senaer  baa  been  designed  that  collects 


radiation  in  wavelength  band  in  which  the  CO 2  in  the  gas  a trees 
abaorba  and  salts  radiation.  However!  since  the  smiseivity  of  the 
gas  is  a  function  of  the  concentration  of  the  GO?  molecules,  con¬ 
centration  or  density  would  have  to  be  obtained  Wore  meaningful 
temperature  data  could  be  taken.  Considering  the  cost  of  equipment 
and  problems  involved,  this  sethod  of  temperature  Measurement  was 
dropped  from  consideration. 


Research  during  the  first  6  months  of  fiscal  year  65  was  primarily 
concerned  with  the  investigation  of  an  alpha  particle  gas  density 
measuring  technique.  The  distance  which  an  ionised  particle  travels 
in  a  gaseous  absorbing  media  is  s  function  of  the  initial  and  final 
energy  of  the  alpha  particle  and  the  density  of  the  gaseous  absorber. 

As  tha  alpha  particle  traverses  the  gas  stream  it  losea  energy, 
primarily  due  to  the  coulomb  interaction  with  the  electrons  of  the 
absorbing  media.  Assuming  classical  couloab  interaction  behavior, 
one  computes  the  amount  of  energy  transferred  to  an  electron  in  a  single 
collision,  and  then  sums  up  all  electrons  in  the  alpha  particle  path 
to  arrive  at  the  total  energy  dissipated  by  the  alpha  particle. 

Snowing  the  amount  of  energy  loat,  the  range  of  travel,  and  the  molecular 
properties  of  the  gaseious  absorber,  the  density  of  the  absorber  can  be 
determined.  This  technique  of  density  measurement  appears  suitable  in 
high  altitude  environments  where  average  gas  density  at  tha  turbine  inlet 
is  in  the  order  of  0.6  kgas/  a.3  (35,000  ft.).  However,  as  sea  level 
conditions  are  approached,  density  at  this  station  increases  and  range 
measurements  can  not  be  aide  due  to  the  extreme  energy  attenuation  of  the 
alpha  particle.  Table  1  lists  density  at  the  turbine  inlet  for  various 
altitudes . 
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1.19 

20,000 
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25,000 
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This  method  of  measurement  does  appear  to  have  merit  in  tha  study  of 
high  tempera tore  rarefied  gas  flows,  and  a  summary  of  this  phaas  of  the 
investigation  has  been  prepared.  This  summary  includes  s  deviation  of 
the  range-energy  equation  from  stopping  power  considerations,  and  an 
example  problem  illustrating  a  method  of  solving  the  derived  range- 
energy  equation. 
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3.  S  $1!^ 


The  shielded  thermocouple  is  ths  teaperature  aeasureaent  ssnser 
universally  saplo/sd  throughout  ths  aircraft  Industry  to  nsssure 
turbins  inlet  sad  dlschsrgs  temperatures.  To  design  s  thermocouple 
probe  for  s  particular  engine  location,  accuracy,  speed  of  response, 
temperature  aagnitude,  and  the  various  modes  of  heat  energy  transfer 
aust  be  considered.  In  a  high  temperature ,  high,  velocity  gas  stream, 
soas  compromise  must  be  made  between  speed  of  response  and  accuracy 
of  indication.  Since  this  project  is  concerned  with  the  accurate 
indication  of  turbine  inlet  temperature,  this  criteria  was  deeasd  of 
primary  importance.  Accordingly,  a  shielded  and  aspirated  probe  has 
beon  fabricated  as  shown  in  Figure  1.  This  probe  is  a  double  shielded 
temperature  senser  designed  for  high  temperature  environment!  where 
radiation  is  the  significant  mode  of  heat  energy  transfer.  This  probe 
is  to  be  used  as  the  absolute  temperature  standard  in  the  calibration 
of  all  future  teat  probe  deaigns. 

In  order  to  a inula te  the  environment  of  the  turbine  inlet  a  test  rig 
has  been  fabricated  and  instrumented  and  is  now  operational  in  9V 
test  cell  (Figure  2).  Miss  flows  up  to  3#/eec  at  inlet  pressures  of 
30"  to  70"  HgA  can  be  generated  with  temperatures  ranging  from  1000°F 
to  2500°F.  The  above  test  conditions  simulate  altitude  operating 
environments  for  a  single  combustor  can  of  a  gas  turbine  engine. 


Future  BiM 

Future  plans  include  the  design  and  teat  of  various  shlslded  probes,  as  wall  as 
operation  in  test  facilities  capable  of  generating  higher  aaee  flows  and  pressures . 
In  this  mannsr,  test  probes  can  be  evaluated  in  the  turbine  inlet  environment  at 
all  engine  operating  conditions. 


INVESTIGATION  OF  THE  RESIDUAL  STRESS  FIELD 
AROUND  FILLED  AND  UNFILLED  HOLES 

R.  VINING 


BACKGROUND. 

Recent  fatigue  investigations  performed  with  the  •  'e  of  full-scale 
and  simulated  structures  have  demonstrated  that  current  fatigue 
hypotheses  for  application  to  structure?  are  not  valid  in  the  high- 
stress  low-life  range.  These  hypotheses  are  all  based  or  a  non¬ 
varying  stress  distribution  (except  for  magnitude)  in  the  region 
being  investigated.  To  substantiate  the  fatigue  behavior  obtained 
in  the  current  Aeronautical  Structures  Laboratory  (ASL)  tests,  one 
must  hypothesize  that  the  stress  field  varies  throughout  the  test 
life. 

OBJECTIVE. 

The  objective  of  this  investigation  is  to  study  the  behavior  of 
the  applied  and  residual  stress  fields  around  both  filled  and  un¬ 
filled  holes  in  an  "infinite"  aluminum  sheet  for  various  cyclic 
loading  conditions. 

ACCOMPLISHMENTS. 

The  specia1  strain  transducers,  which  have  been  developed  in 
miniature  form  to  measure  strains  up  to  307,  near  the  peripnery  of 
the  hole,  have  been  received.  A  technique  has  been  developed  for 
using  these  transducers,  which  are  miniature  differential  trans¬ 
formers.  One  is  shown  in  Figure  I,  mounted  on  a  simple  test  coupon. 
The  transducers  and  the  signal-conditioning  equipment  to  adapt  their 
output  to  the  existing  recording  equipment  have  undergone  check-out. 

The  test  fixture  has  been  designed  and  its  erection  has  been  completed 
as  shown  in  Figure  2.  Test  specimen  1  has  been  fabricated,  instru¬ 
mented,  and  installed  in  the  test  fixture;  it  can  be  seen  in  Figure  2. 
A  closeup  view  of  the  test  specimen  is  show.,  in  Figure  3;  the  elaborat 
strain  gage  instrumentation  can  be  seen  clearly. 

For  specimen  1,  a  loading  cycle  consisted  of  an  increase  in  load  to 
140,000  pounds  and  a  decrease  in  load  to  18,800  pounds.  The  maximum 
load  is  a  value  approximately  two-thirds  of  the  ultimate  failing  load 
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FIG.  2.  TEST  FIXTDSE  VI TH  SPECIMEN  #1. 
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of  the  aluminum  sheet.  This  load  was  assumed  to  represent  what  is 
termed  "limit  load"  in  airplane  design  terminology,  where  limit  load 
is  defined  as  a  load  which  establishes  the  strength  level  for  design 
purposes.  The  minimum  load  represents  a  fictitious  level-flight  con¬ 
dition  load.  The  strain  at  maximum  load  and  the  residual  strain  at 
minimum  load  for  the  first  cycle  along  a  line  normal  to  the  direction 
of  load  are  shown  in  Figure  4.  Additional  cycling  of  specimen  1  has 
been  performed  and  the  data  which  have  been  obtained  are  being  studied. 

FUTURE  PLANS. 

In  the  coming  year,  additional  test  specimens  will  be  loaded  with 
a  high  initial  preload  to  be  followed  by  cycling  at  lower  loads.  The 
peak  and  residual  strains  will  be  measured.  Some  specimens  will  be 
cycled  with  a  spectrum-type  of  loading  after  the  preload,  in  an  effort 
to  determine  how  this  type  of  loading  affects  residual  stress  and 
strain,  as  opposed  to  constant -magnitude  cyclic  loading.  By  taking 
the  time  history  of  strain  measured  at  some  point  near  the  hole  and 
duplicating  this  time  history  on  a  simple  tensile  test  coupon,  an 
attempt  will  be  made  to  determine  the  variation  of  residual  stress 
around  the  hole  under  cyclic  loading. 


UTILIZATION  OF  GAMMA  RADIATION  TO  ENHANCE  PROPERTIES  OF  POLYMERS 
AND  TO  INITIATE  POLYMERIZATION  OF  MONOMERS 
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C.  HARGREAVES 


Background 

The  use  of  ionizing  radiation  to  initiate  chemical  changes  offers  a 
number  of  unique  advantages  over  conventional  chemical  techniques.  Certain 
reactions  can  be  induced  which  are  not  possible,  or  convenient,  by  other  means. 
The  control  over  reaction  conditions  is  extended;  the  temperature  is  not  a 
limiting  factor,  since  many  radiation- induced  changes  are  only  slightly 
affected  by  temperature  changes.  Modification  of  long-chain  polymers  by 
radiation  has  aroused  considerable  interest  in  recent  years.  The  sometimes 
marked  changes  produced  in  such  polymers  by  radiation  do  not  depend  on  any 
special  chemical  effect  that  Is  different  from  those  obtained  in  smaller 
organic  molecules,  but  do  result  from  the  fact  that  the  physical  properties  of 
such  polymers  are  easily  modified  by  small  changes  in  molecular  arrangement. 

Objectives 

1.  To  develop  a  capability  in  the  use  jf  gamma  radiation  co  process 
polymers,  1 1  ir  composites,  and  monomers,  and  to  enhance  their  properties. 
Desirable  improvements  would  be  increased  flexural  strength,  abrasive 
resistance,  hardness,  and  resistance  to  higher  temperatures. 

2.  To  polymerize  relatively  stable  monomers  by  gamma  radiation  to  produce 
new  and  unusual  polymers. 

Accomplishments 

1.  The  Gammacell  220  was  returned  to  the  manufacturer  and  rejuvenated. 

It  contains  12,586  curies  cf  cobalt  60.  The  measured  dgse  rate  in  the 
center  of  the  irradiation  chamber  is  now  about  1.0  x  10'  lads  per  hour  of 
gamma  radiation.  The  half  life  of  cobalt  60  is  5.26  years. 

2.  An  irradiation  helix  is  connected  with  the  system  for  emulsion  or 
solution  polymerization.  This  is  closed  system  with  temperature,  atmosphere 
and  amount  of  radiation  under  controlled  conditions.  Figure  I  is  a  diagram  of 
the  system,  the  reservoir^ i)  holds  the  material  t in  liquid  form*  to  be 
irradiated.  Several  openings  in  the  reservoir  provide  for  the  entrance  o t 
solvent,  monomer,  nitrogen  or  other  gas  into  the  system,  or  it  may  be  l’ cached 
to  a  vacuum  line.  A  circulating  pump ( 2 )  forces  the  liquid  through  the  system. 

It  passes  through  a  flow  meter!  3)  and  then  through  a  heating  i-  cooling  unit-'  . 
Next  the  liquid  material  is  forced  through  the  helix  in  the  gamma  cell 
irradiation  chamber*  5).  After  leaving  the  irradiat in  chamber  the  pressure  can 
be  ®easured(6).  Samples  oav  be  withdrawn  attB)  then  the  remainder  returns  tr 
the  reservoir  and  repeats  the  cvcle.  This  equipment  may  also  be  used  for  vapor 
phase  pel  ymer  i  za  t  i  on  . 

3.  Objective  l  has  been  realized.  Styrene  has  fce^n  polymerized  in  a. 
emulsion  to  produce  a  film  farming  polymer.  Stvrer.e  has  been  grafted  onto 
nylon  fabric  po  produce  a  fabric  with  improved  tearing  strength,  and  other 


i 


properties  for  "outdoor"  use. 

4.  Some  adhesives  for  laminates  have  been  irradiated  in  situ.  This 
work  'shows  promise  but  has  not  been  explored  further  due  to  the  lack  of 
personnel . 

>< 

5.  Benzophenone  (/  )  has  been  dissolved  in  a  number  of 

solvents-acetone ,  benzene,  chloroform,  ethanol,  methanol,  and  irradiated  to 
various  levels.  Benzophenone  in  ethanol  produced  a  crystalline  material 
which  melted  at  150-180°C,  benzophenone  melts  below  50°C.  When  dissolved  in 
chloroform  and  irradiated  with  a  dose  of  4.8  x  10^  rads,  an  orange-red  precipitate 
was  formed.  This  material  does  not  melt  or  decomoose  below  300°C. 

Future  Plans 


Since  the  work  with  benzophenone  and  similar  monomers  seems  to  have 
possibilities  for  successful  polymerization  by  irradiation,  more  work  with 
these  monomer,  is  planned.  There  are  also  many  aliphatic  structures  as 
well  as  aromatic,  which  have  excellent  potentia1  as  polymers  wnich  should  be 
explored.  The  estimated  completion  date  at  this  time  is  l  July  1967. 
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Background 

Aircraft  fuels  contain  appreciable  amounts  of  dissolved,  and,  under  certain 
conditions,  emulsified  water.  The  emulsified  or  "free"  water  present  in 
the  fuel  system  can  have  an  adverse  effect  upon  the  in-flight  operation 
of  the  aircraft  i/.  To  control  this  problem,  filter  separators  have  been 
inserted  into  the  fuel  dispensing  system  to  remove  emulsified  water  prior 
to  aircraft  fueling.  These  filter  separators  contain  coalescer  elements 
composed  of  glass  fibers  which  coalesce  the  emulsified  water  in  the  fuel. 
This  coalescence  process  is  a  phenomenon  which  depends  upon  the  energetics 
of  the  surfaces  of  the  solid,  water,  and  hydrocarl  jn  present  in  the  system. 
The  service  life  of  the  coalescers  is  affected  by  the  type  of  system  they 
are  operating  in;  i.e.  in  some  systems  elements  remove  the  emulsified  water 
satisfactorily  for  a  long  period  of  time,  whereas  in  other  systems  the 
elements  fail  quickly  and  the  emulsified  water  passes  through  the  coalescer 
element.  An  explanation  of  this  problem  can  only  be  obtained  by  a  better 
understanding  of  the  variables  which  affect  this  water  separation  process. 
The  present  trend  of  thought  indicates  that  surface  active  (surfactant) 
material  present  in  the  fuel,  in  the  form  of  additives  or  contaminants , 
drastically  reduces  the  efficiency  of  the  coalescer  by  being  adsorbed 
on  the  fibers  £/.  Certain  experimental  techniques,  vis.  the  drop  volume  - 
experiment,  also  support  this  hypothesis  ^/.  The  present  phase  of  this 
investigation  is  directed  toward  the  study  of  the  effect  of  surfactants 
present  in  the  hydrocarbon  phase  on  the  fibers  used  in  the  coalescer. 

The  purpose  of  the  present  investigation  is  to  determine  if  fibers  used 
in  the  coalescers  will  quantitatively  adsorb  an  acid  from  a  non -aqueous 
solvent.  This  would  enable  the  investigators  to  obtain  an  estimate  of 
the  surface  area  of  the  fibrous  material,  in  order  to  develop  a  method 
by  which  adsorption  on  fibers  could  be  observed  in  the  hydrocarbon  fuel 
system  presently  in  use. 

This  information  would  give  the  investigators  a  method  whereby  they  would 
be  able  to  estimate  the  surface  area  being  poisoned  by  the  additives  or 
contaminants  present  in  the  fuel.  By  the  addition  of  known  surface  active 
agents  into  an  uncontaminated  fuel,  the  relative  adsorption  strength  of 
the  additives  may  be  obtained  by  the  method  described  above. 

In  addition  to  the  acid  adsorption  experiment,  the  surface  energies  of 
certain  solid  -  water  -  hydrocarbon  systems  will  be  investigate!  to  support 
the  adsorption  thee .7,  and  to  study  the  effects  of  certain  solids  on  the 
energetics  cf  their  surfaces. 
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An  intensive  literature  search,  which  was  undertaken,  led  to  the  following 
conclusions : 

(1)  The  process  of  coalescence  is  a  ouch  neglected  and  complex  field. 
Some  of  the  studies  of  coalescence  found  in  the  literature  could  not  be 
applied  to  the  problem  at  hand,  since  they  delt  only  with  systems  where 
two  phases  were  present  -  (a.g.)  water,  hydrocarbon  (J  -  excluding  the 
solid  phase  from  the  system  completely.  Siace  the  solid  phase  (fiber¬ 
glass)  is  present  in  the  coalescer  elements  in  use,  the  foregoing  method 
would  not  shed  much  light  on  the  problem. 

(2)  An  attempt  has  been  made  to  construct  an  instrument  which  would 
give  an  indication  as  to  the  separation  properties  of  a  small  scale 
coalescer  .  This  method  rates  a  fuel  or  hydrocarbon  system  by  a  photo¬ 
metric  estimation  of  the  amount  of  emulsified  water  passing  through  the 
coalescer  element.  This  instrument  is  calibrated  by  adding  trace  amounts 
of  surfactant  to  a  standard  fuel.  However,  the  method  does  not  explain 
how  the  surface  active  agents  affect  the  coalescence  of  water  in  the 
system. 

(3/  Another  approach  to  the  problem  which  has  merit  is  the  study  of 
the  wettability  of  certain  solids  by  water  in  different  hydrocarbon  medic 
by  contact  angle  and  interfacial  surface  tension  measurements  ^/. 

This  method  will  be  used  in  future  investigations. 

(4)  The  method  that  has  been  pursued  since  April  1965  is  one  in  which 
we  are  attempting  to  show  that  surface  active  material  is  adsorbed  on  the 
glass  fibers,  rendering  them  unable  to  coalesce  the  emulsified  water  in 
the  system.  If  we  can  accomplish  this,  then  a  method  could  be  devised 
to  evaluate  the  adsorption  of  additives  that  are  present  in  the  fuels  and 
the  constituents  present  in  the  base  fuels  themselves.  Specifically,  a 
method  is  being  developed  to  measure  the  surfacearea  of  glass  fibers 
by  the  adsorption  of  palmitic  acid  from  a  dry  benzene 

solution,  Harkin,  et  al  £/,  jJ  have  used  this  method  to  determine  the 
apparent  surface  area  of  fine  powders.  The  method  used  is  a  titration 
of  the  palmitic  acid  before  and  after  exposure  to  the  fiberglass.  The 
amount  of  acid  adsorbed  is  calculated  from  the  difference  in  the  amount 
of  alcoholic  EOT  used  to  titrate  the  sample  and  the  blank.  A  specific 
problem  encountered  to  date  is  the  fact  that  the  fibers  have  a  zsuc.- 
smaller  surface  area  per  unit  weight  than  the  powders  hitherto  used.  The 
fiberglass  is  supposed  to  have  a  surface  area  from  1-3  square  meters 
per  gram  as  opposed  to  a  much  larger  area  for  the  powders  £/.  The 
success  of  the  method  depends  upon  the  accuracy  with  which  the  acid 
present  in  the  solution  is  determined.  Initially,  it  was  belie. ed  that 
a  colorimetric  titration  with  pheuolphthalein  as  indicator  would  suffice  $J . 


9* 


Difficulties  were  encountered  due  to  the  fact  that  the  color  change  was 
very  weak  because  the  concentration  of  the  KCH  is  about  0.01  Normal. 
However,  sane  data  of  value  were  obtained  by  this  method.  Figure  1  shows 
the  rate  of  adsorption  of  Palmitic  acid  onto  glass  fibers.  To  increase 
the  accuracy  of  the  method,  an  electrometric  titration  was  used  to 
construct  the  adsorption  isotherm  (figure  2).  The  amount  of  acid 
adsorbed  per  unit  weight  of  fiber  is  plotted  against  varying  concentrations 
of  acid.  It  can  be  seen  from  figure  2  that  multilayer  adsorption  is 
occurring.  In  order  to  obtain  an  estimate  of  the  surface  area,  the 
isotherm  should  be  horlsontal  in  some  concentration  range.  If  an  isotherm 
of  this  type  is  obtained,  the  amount  adsorbed  corresponding  to  the 
horlsontal  portion  of  the  plot,  is  taken  as  the  value  at  which  a 
manomolecular  layer  of  acid  is  covering  the  surface.  Knowing  the  amount 
of  acid  adsorbed  and  the  area  occupied  by  each  molecule  10/  the  surface 
area  of  the  fibers  may  be  calculated.  The  multilayer  adsorption  found 
on  the  fibers  may  be  due  to  a  number  of  factors  11/.  Some  of  these  are 
the  cleaning  procedure  and  quality  of  reagents  used  in  the  experiment, 
and  the  method  of  contact  of  the  solid  with  the  acid  solution. 

Future  investigations  will  include  development  of  better  methods  of  drying 
the  fibers  and  solvent,  search  for  a  more  accurate  procedure  for  the 
determination  of  the  amount  of  acid  adsorbed,  and  an  experimental  setup 
which  would  allow  more  intimate  contact  between  the  fibers  and  the  acid 
solution.  Once  the  feasibility  of  the  method  is  established,  this 
procedure  may  be  employed  to  study  the  interaction  of  fuel  constituents 
with  the  fibers. 

(1)  Continue  the  study  of  adsorption  of  organic  acids  onto  glass 
fibers  in  an  effort  to  determine  their  surface  areas,  and  to  apply  this 
method  to  certain  fuels. 

(2)  Investigate  the  surface  energies  of  glass  and  other  sollde  by 
contact  angle  and  Interfacial  Tension  measurements  on  water,  hydrocarbon, 
and  solid  systems. 

(3)  Consider  the  feasibility  of  radiochemical  tracer  studies  on  a 
full  scale  or  scaled  down  filter  separator  unit.  If  certain  surface 
active  agents  were  tagged,  their  migration  through  the  system  could  be 
monitored  continuously .  It  is  my  belief  that  this  method  would  give 
information  as  to  what  is  actually  happening  in  the  dynamic  full  scale 
system. 
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CONDUCTIVE  TRANSPARENT  THERMOPLASTIC  FILMS 


I.  H.  CUSTIS 


Background 

The  accumulation  and  retention  of  a.i  electrostatic  charge  on  the 
surface  of  materials  have  been  known  for  some  time.  The  presence  of 
this  charge  introduces  a  potential  hazard  where  missiles  are  involved. 

Previously,  very  littie  work  had  been  done  to  eliminate  this  static  buildup. 

This  was  due  to  the  lack  of  effective  antistatic  agents  and  methods  of  evaluating 
their  performance.  Two  methods  of  evaluation  are  presently  being  used;  they 
are  the  cigarette  ash  test  and  the  soot  chamber  test.  The  latter  is  being  used 
by  the  industry  to  e’/aiuate  the  electrostatic  properties  of  plastic  bottles. 

Both  of  these  methoos  are  qualitative  and  only  indicate  the  presence  of  a  charge. 
A  more  definitive  test  method  requiring  a  circular  coulometer  was  used  to 
evaluate  the  electrostatic  properties  of  the  materials  studied. 

Objectives 

The  purposes  of  this  program  are  to  develop  conductive  transparent 
thermoplastic  materials  through  the  use  of  internal  antistatic  agents,  and 
to  develop  a  test  method  which  will  evaluate  accurately  their  performance  in 
improving  the  electrostatic  properties  of  materials. 

Accompli shments 

The  electrostatic  properties  of  five  materials  were  evaluated  using 
the  coulometer  test  method.  These  consisted  of  three  films  and  two  materials 
which  can  be  applied  to  films  resulting  in  a  transparent  coating.  Th^  avaluation 
is  listed  in  Figure  1.  An  analysis  of  these  data  indicates  that  thermoplastic 
materials,  which  are  insulators,  can  also  be  made  conductive  through  the  use 
of  chemical  agents.  As  noted,  the  hvdroxyaquochromiu®  diphenyl  phosphinate, 
which  is  a  new  resin,  exhibited  good  electrostatic  properties,  Polvethvlene 
with  an  internal  antistatic  agent,  and  polyurethane  with  carbon  filaments 
embedded  in  the  resin,  exhibited  poor  electrostatic  properties.  The  effectivenes 
or  the  transparent  coatings  which  are  applied  to  the  films,  are  dependent  upon 
thickness.  When  a  2T  solution  of  Zelec  DP  was  applied  to  polyethylene  and  nylon 
the  electrostatic  properties  of  polyethylene  were  ?os>ewhat  improved,  as  noted  by 
the  reduction  in  the  charge  retained.  For  the  nylon  film,  the  electrostatic 
properties  were  greatlv  improved.  The  application  of  a  4T  solution  of  Zelec  DP 
further  improved  the  electrostatic  properties  of  both  the  polyethylene  and  nylon. 
Two  and  4"  concentrations  of  Zelec  DX  exhibited  no  effect  on  the  electrostatic 
properties  of  the  pol yethvlene ;  whereas,  the  properties  of  nylon  were  greatly 
i mproved . 

Therefore,  it  is  believed  that  the  electrostatic  properties  of  thermoplastic 
material  can  be  improved  to  the  point  that  the  materia!  will  be  conductive  and 
prevent  a  static  charge  buildup.  Further,  it  is  believed  that  this  can  be  ac¬ 
complished  through  the  use  of  the  proper  antistatic  agent.  No  one  antlstai  appe-i 
to  meet  the  requirement  for  all  resins. 
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CONDUCTIVE  TRANSPARENT  THERMOPLASTIC  FILMS 


I.  H.  CUSTIS 


Background 

The  accumulation  and  retention  of  an  electrostatic  charge  on  the 
surface  of  materials  ha  e  been  known  for  some  time.  The  presence  of 
this  charge  introduces  a  potential  hazard  where  missiles  are  involved. 

Previously*  very  little  work  had  been  done  to  eliminate  this  static  buildup. 

This  was  due  to  the  lack  of  effective  antistatic  agents  and  methods  of  evaluating 
their  performance.  Two  methods  of  evaluation  are  presently  being  used;  they 
are  the  cigarette  ash  test  and  the  soot  chamber  test.  The  latter  is  being  used 
by  the  industry  to  evaluate  the  electrostatic  properties  of  plastic  bottles. 

Both  of  these  methods  are  qualitative  and  only  indicate  the  presence  of  a  charge. 
A  more  definitive  test  method  requiring  a  circular  coulometer  was  used  to 
evaluate  the  electrostatic  properties  of  the  materials  studied. 


Ob  jec  t  i  ves 

The  purposes  of  this  program  are  to  develop  conductive  transparent 
thermoplastic  materials  through  the  use  of  internal  antistatic  agents,  and 
to  develop  a  test  method  which  will  evaluate  accurately  cheir  performance  In 
improving  the  electrostatic  properties  of  materials. 


Accompli shment s 


The  electrostatic  properties  of  fi.e  materials  were  evaluated  using 
the  coulometer  test  method.  These  consisted  of  three  films  and  two  materials 
which  can  be  applied  to  film*  resulting  in  a  transparent  coating.  The*  eva  iat 1  on 
is  listed  in  Figure  1.  An  analysis  of  these  uata  indicates  that  thermoplastic 
materials,  wh'ch  are  insulators,  can  r.Tso  be  made  conductive  through  the  use 
f  chemical  agents.  As  noted,  the  hvdroxyaquochromiiim  aiphenvl  phosphinate, 
which  is  a  new  resin,  exhibited  good  electrostatic  properties.  Polyethylene 
with  an  internal  antistatic  agent,  and  polyurethane  with  carbon  '"1  laments 
embedded  in  the  resin,  exhibited  poor  electrostatic  properties.  he  effectivenes 
of  the  transparent  coatings  which  are  applied  to  the  films,  dependent  upon 

thickness.  When  a  2T  solution  of  Zelec  D?  was  applied  to  polyelh. iene  and  nylon 
the  electrostatic  properties  of  polyethylene  were  somewhat  improved,  as  noted  K 


the  reduction  in  the  charge  retained.  For  the  nvion  film,  the  elf  trestatic 
properties  were  greatly  improved.  The  application  oi  a  4T  solution  of  Zelec  DP 
further  improved  the  electrostatic  properties  of  both  the  polyethylene  and  ..yl  ? 
Two  cind  4*  concent  tat  ions  of  Zelec  DX  exhibited  no  effect  on  the  electrostatic 
properties  of  the  pel vethvlene ;  whereas,  the  properties  of  nvion  were  gieaclv 
improved . 


Therefore,  it  is  believed  that  the  electrostatic  properties  of  thermoplastic 
material  ceo'  be  improved  to  the  point  that  the  material  will  be  conductive  a no 
prevent  a  static  charge  buildup.  Further,  it  is  believea  that  this  be  ac 

complished  through  tKe  use  of  the  proper  antistatic  igent.  No  one  untistat  appea 
to  meet  the  requirement  for  all  resins. 


RESULTS  OF  ELECTROSTATIC  PROPERTY  EVALUATION 
(Volts  Retained) 


Zelec  DP 

Zelec  DP  Zelec  DX 

Zelex  DX 

Untreated 

a  a? 

£  fo 

4% 

2% 

4% 

Hydroxyaqucchrowi 

30 

.... 

... 

... 

Diphenyl  Phosphina te 

Polyurethane  with 

0-200 

m  —  ^ 

m.  n 

Carbon  Filaments 

Polyethylene  with 

>300 

... 

... 

m  —  ^ 

In  cental  Antistatic  Agent 

Polyethylene 

>300 

165 

50 

>300 

>300 

Nylon 

>300 

80 

Negligible 

85 

Negligible 

FIGURE  1 


Future  Pxans 


Equipment  to  evaluate  the  charging,  saturation,  and  decay  rate  of  an 
induced  charge  has  been  purchased,  and  will  be  assembled  to  continue  this 
investigation.  Antistatic  agents  will  be  incorporated  in  the  material  by 
solvent  casting  or  milling  processes  and  their  performance  evaluated. 
Information  obtained  will  be  applied  on  pilot  plant  equipment. 
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NEUTRON  ACTIVATION  ANALYSIS 


EDWIN  S.  TANKINS  AND  ALFRED  L.  GLASS 


Background . 

Neutron  activation  analysis  is  a  relatively  new  research  tool  which 
offers  unprecedented  sensitivity  in  the  detection  of  more  than  half  of 
the  elements  in  the  periodic  Table.  The  sample,  as  well  as  a  standard, 
is  bombarded  with  neutrons  from  a  neutron  generator,  which  converts 
them  to  an  unstable  radioactive  form.  The  irradiated  samples  are  then 
identified  and  measured  quantitatively  by  means  of  gamma  ray  spectro¬ 
scopy.  This  method  is  nondestructive  in  that  the  specimen  can  be 
reused.  It  has  a  sensitivity  far  better  than  most  chemical  or 
spectrographic  techniques.  This  method  of  analysis  is  extremely 
sensitive,  free  from  reagent  contamination,  and  is  a  very  rapid  method 
of  analysis. 

Objectives. 

A.  In  the  various  studies  of  mechanical  properties  of  materials,  it 
is  very  important  to  have  alternate  gas  analysis.  Certain  metals  and 
ceramic  materials  are  difficult  to  analyze  for  gas  contents.  Nitrogen 
analysis  is  difficult  in  most  metals  by  any  method  other  than  the 
Kjeldahl.  The  first  aim  will  be  to  establish  a  method  of  oxygen  and 
nitrogen  analysis  in  ceramics  and  metals,  and  to  correlate  these  results 
with  physical  and  mechanical  properties.  The  authors  are  on  ASTM 
Committees  and  will  be  involved  in  round  robin  programs  involving  neutron 
activation  analytical  procedures. 

B.  Lubricating  oil,  hydraulic  oil,  and  greases  Will  be  examined 
quantitatively  to  determine  accurately  minute  particles  and  how  they 
vary  with  time  and  tests.  These  analyses  will  be  involved  in  programs 
to  investigate  wear  and  to  make  correlation  with  a  theoretical  model 

C.  Trace  quantities  of  materials  in  metals,  due  lO  diffusion,  will  be 
investigated.  This  will  be  related  with  metal-to-metal  wear. 

Accomplishments. 

A.  Detailed  plans  have  been  made  for  setting  up  the  site  for  the  system 
of  equipment  necessary  to  perform  neutron  activation  analysis. 

B.  A  survey  of  pertinent  literature  is  underway. 

Future  Plans . 


Purchase  of  the  equipment  is  in  progress.  As  soon  as  the  equipment  has 
been  delivered  and  installed,  personnel  will  familiarize  themselves  with 
the  equipment  and  the  first  phase  of  the  program  will  get  underway. 
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The  differences  in  degradation  experienced  with  various  fibers  and 
in  atmospheric  contaminants  at  various  test  locations,  have  prevented 
complete  agreement  in  magnitude  of  degradation  or  method  of  assessment 
for  weathering  determinations.  The  deterioration  produced  by  exposures 
in  moist  humid  air  has  always  been  reported  as  greater  than  tests  in  dry 
air.  However,  tests  performed  on  Aeronautical  Materials  Laboratory 
accelerated  weathering  apparatus,  to  evaluate  deterioration  of  nylon  cloths 
exposed  without  the  water  spray  operating,  indicated  greater  deterioration 
when  moisture  was  omitted. 


Objective. 

The  accelerated  weathering  equipment,  while  conforming  to  government 
and  commercial  test  procedures,  does  not  control  adequa'ely  temperature 
and  humidity  conditions  or  prevent  contamina+'!  on  by  materials  in  the 
atmosphere.  To  determine  if  this  anomaly  is  caused  by  operating  conditions, 
the  equipment  manufacturer  is  exposing  specimens  prepared  from  available 
fabrics  in  a  research  type  accelerated  weathering  apparatus.  Analysis  of 
these  preliminary  samples  may  indicate  that  differences  in  expected 
deterioration  are  due  to  nylon  properties.  Based  on  this  analysis,  the 
investigation  will  be  continued.  Cloths  specially  prepared  to  control 
significant  variables  will  be  used,  and  exposed  in  equipment  that  can 
control  all  known  variables  to  determine  optimum  materials,  test  procedures, 
and  operation  instructions  for  textiles  for  sea  survival  equipment. 

Accomplishments. 

Test  specimens  for  accelerated  weathering  exposure  were  prepared  from 
five  nylon  cloths  of  known  history  for  six  test  conditions  at  Atlas 
Electric  Devices  and  three  test  conditions  at  the  Aeronautical  Materials 
Laboratory.  The  planned  exposure  at  the  Aeronautical  Materials  Laboratory- 
tO  hours  of  light  with  standard,  continuous,  and  no  water  spray  -  has  been 
completed.  One  set  has  been  exposed  at  Atlas  Electric  Devices  arid  is  beir<g 
returned  for  strength  tests. 

hrittfe  Haas.- 

Upon  completion  of  present  exposure  tests  and  analysis,  the  data  will 
be  reviewed  ard  detailed  plans  developed.  The  approximate  completion  date 
is  1  July  19c? . 


■ICTION  TYPE  CLUTCH  AND  BRAKE  ASSEMBLIES 


EL 


S.  BRITTINGHAM 


mmsm  A 

Present  day  and  future  high  capacity  dxmfn  and  brake  requirements  imposed 
by  3mall  Airfield  Tactical  Support  (SATS;  cataoult  systems  make  it  neces¬ 
sary  to  determine  design  criteria  for  development  of  reliable,  long  life 
clutch  and  brake  systems.  It  was  concluded,  from  contacts  with  organiza¬ 
tions  connected  directly  with  high  capacity  clutch  and  brake  system  design, 
that  empirical  approaches  are  primarily  being  used  in  the  design  phase,  and 
that  an  analytical  approach  is  needed  for  future  clutch  and  brake  design 
studies.  Consequently,  this  study  was  initiated  to  develoo  a  method  of  de¬ 
termining  thermodynamic,  lubrication,  and  wear  characteristics  of  friction 
surfaces  rubbing  together;  and  to  utilize  the  resulting  methods  as  design 
criteria  for  present  day  aircraft  launching  and  arresting  systems,  using 
friction  surfaces  to  translate  or  dissioate  energy, 

OBJECTIVES 

An  electronic  digital  computer  will  be  prograaraed  to  simulate  conditions 
anticipated  at  the  surface  of  two  unlike  materials  rubbing  together  and 
generating  heat,  and  studies  made  to  determine  the  thermodynamic  charac¬ 
teristics  at  the  surface  and  within  the  configuration  selected.  Computer 
programs  will  be  developed  to  analyze  one,  two,  and  three-dimensional  con¬ 
figurations;  as  progress  is  made,  parameters  such  as  lubrication  and  wear 
will  be  added. 

A  one-dimensional  configuration  is  used  when  the  temperature  gradient  is 
one-dimensional  or  can  be  represented  as  one-dimensional  with  insignifi¬ 
cant  error.  The  transient  temperature  can  be  determined  for  rubbing  sur¬ 
faces  and  surfaces  exposed  to  cooling  media.  Consequently,  the  one- 
dlmensional  program  can  be  used  to  approximate:  (l)  the  surface  tempera¬ 
tures  of  dry  clutch  and  brake  systems;  and  (2)  the  temperature  distributions 
in  lubricated  or  liquid-cooled  configurations  at  regions  remote  from  cool¬ 
ing  fluid  grooves,  where  one-dimensional  analysis  applies. 

The  two-dimensional  program  is  developed  primarily  to  analyze  cooling 
fluid  groove  shape  and  thin  film  cooling.  The  two-dimensional  physical 
model  represent,!  two  rubbing  surfaces  with  a  network  of  cooling  fluid 
grooves.  With  v.his  configuration,  the  cooling  fluid  groove  will  be  varied 
in  size  to  determine  an  optimum  cooling  fluid  area  to  bearing  area  ratio 
and  groove  size 

Finally,  a  three-dimensional  configuration,  incorporating  the  experience  and 
technique  gained  in  one  and  two-dimensional  analysis,  will  be  developed  to 
analyze  thermodynamic  characteristics,  cooling  fluid  dynamics,  wear  pheno¬ 
mena,  and  lubrication  of  rubbing  surfaces.  En^hasis  is  placed  on  clutch  and 
brake  systems;  however,  the  programs  developed  are  applicable  to  any  problem 
area  where  surfaces  rub  or  are  exposed  to  cooling  fluid. 


The  ultimate  goal*  of  this  study  are  to: 

1.  Provide  design  criteria  to  develoD  clutch  and  brake  systems 
applicable  to  the  present  day  and  future  generation  high-capacity  aircraft 
launcher  and  arresting  systems. 

2.  Develop  a  method  of  predicting  transient  temperature  distributions 
at  the  surface  and  within  two  materials  generating  heat  by  rubbing  together. 

3.  Examine  the  mechanism  of  wear  and  develop  a  criteria  for  predicting 
wear  based  on  surface  pressure,  temperature,  and  relative  motion  of  the  bear¬ 
ing  or  contacting  surfaces, 

4*  Examine  the  effects  of  various  cooling  and  lubricating  fluids  and 
cooling  fluid  groove  design  to  establish  an  optimum  configuration  for  rini- 
fflua  wear  maximum  cooling  efficiency. 

PROCEDURE 

The  difficulty  anticipated  in  the  solution  of  the  three-dimensional  wave 
equation 

V2T  «*  3T  /  H 

advocates  the  use  of  numerical  methods  of  solution.  Conseauently,  the 
mathematical  model  or  models  used  in  this  study  consists  of  nodal  networks 
applicable  to  the  forward  difference  numerical  method,  which  reduces  the 
three-dimensional  wave  equation  to  the  form 

(ZZ- aT.)  /  C  3T  /  3 1 

Where  T^  is  the  temperature  of  nodes  adjacent  to  the  primary  node  Tq 
and  ^  a  dimensional  factor. 

At  nodal  points  representing  surfaces  adjacent  to  cooling  media  the 
Nusselt  relation 

,023w«v3  (%aYt 

will  be  used.  However,  during  the  preliminary  phase  of  this  investigation, 
a  constant  Nusselt  number  and  corresponding  convection  coefficient  will  be 
used.  The  convection  coefficient  will  be  varied  over  a  wide  range  of  values 
to  determine  the  effect  of  this  parameter  on  overall  performance. 

The  unit  nodal  dimension  is  selected  for  proper  subdivision  of  ths  cooling 
fluid  groove.  The  groove  depth  is  divided  into  a  number  of  ecual  part3  and 
the  length  of  one  division  is  ueed  as  the  unit  dimension  and  thickness  of 
the  two-dimensional  physical  model.  The  physical  model  is  subdivided  into 
cubic  subvoluraea  with  the  length  of  each  side  of  the  cube  equal  tc  the  unit 
dimension.  The  physical  properties  of  ths  unit  cubes  are  considered  con¬ 
centrated  at  the  geometric  center  of  the  cubic  subvolume,  and  each  subvclume 


or  node  is  connected  by  a  heat  transmission  path  whose  resistance  to  heat 
flow  is  related  to  thermal  conductivity  k,  area  normal  to  flow  direction  A 
and  distance  between  nodes  L  by  the  relation, 

R  =  kAA 

The  time  increment  over  which  thermal  change  occurs  is  not  an  arbitrary 
parameter  and  must  be  related  to  the  nodal  dimension  such  that  particular 
coefficients  in  the  eouations  describing  nodal  temperatures  are  positive  or 
sero.  Consequently,  the  time  increment  selected  must  be  computed  for  each 
unit  nodal  dimension  used  and  is  not  an  independent  variable. 

SUMMARY  OF  PROGRESS 

A.  One-Dimensional  System 

A  preliminary  investigation  was  conducted  to  determine  the  effect  of 
node  sise  variation  and  violation  of  the  condition  imposed  by  the  Fourier 
number.  The  transient  temperature  distributions  were  determined  for  a 
one -dimensional  system  consisting  of  a  thin  0.120  inch  long  ray  of  amterial 
Imbedded  in  a  perfect  insulator,  and  having  a  heat  source  at  one  end  as 
shown  by  Figure  1. 

To  determine  the  effect  of  node  sise  variation,  the  material  ray  shown 
on  Figure  1  is  divided  into  ten  and  twenty  subvolumss,  and  the  transient 
temperature  distribution  computed  for  each  configuration.  Tha  temperature 
distribution  -fter  .1  and  .6  seconds  with  a  constant  heat  input  of  1,036,000 
BTU/hr/ft*  for  nodal  dimension  of  .0005  and  .0010  feet  are  shown  on  Figure  1. 
It  is  concluded  from  the  results  of  this  study  that,  in  this  case,  node  sise 
variation  has  insignificant  effects  on  temperature  distribution. 

A  study  was  conducted  to  determine  the  effect  of  exceeding  the  time 
increment  imposed  on  the  program  by  the  Fourier  modulus.  For  the  configura¬ 
tion  shown  a  modulus  of  .5  or  less  was  required.  The  temperature  at  node  1, 
the  surface  node,  is  computed  as  a  function  of  time  using  moduli  of  .43, 

.55  and  .59  and  plotted  on  Figure  2.  The  results  indicate  that  tha  Fourier 
modulus  restriction  Is  a  critical  factor  and  care  should  be  exercised  in 
studies  of  higher  dimer«ion  to  ensure  that  the  imposed  condition*  are 
setlsf  led. 

The  one  -dime  ns  ional  program  ia  expanded  to  analyte  two  surfaces  rubbing 
together  by  adding,  to  the  existing  one-dimensional  conf iguration,  a  mirror 
image  ray  of  material  with  different  physical  properties,  resulting  in  the 
configuration  atovn  by  Figure  3.  Node  1  of  the  resulting  configuration  is 
composed  of  two  different  x  j/ials  and  a  heat  source.  The  heat  rate  his¬ 
tory  and  corresponding  temperature  history  are  also  shown  on  Figure  3.  The 
transient  teng>erature  distribution  as  a  function  of  penetration  depth  4s 
shown  by  Figure  4. 

From  the  results  presented,  it  is  concluded  that  the  one-dimensional 
program  for  analysing  the  thermodynamic  characteristics  of  two  surfaces  is 
coBclete,  and  ar.  attempt  to  correlate  calculated  values  with  test  date  will 
be  initiated  as  part  of  the  next  phase  of  this  study. 
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B.  aglgBftl  ..SYBteW 


Since  this  study  was  initiated  primarily  to  analyze  friction  discs  used 
in  high  capacity  clutch  and  brake  designs,  emphasis  will  be  directed  toward 
this  area,  A  nrototyoe  of  a  tynical  clutch  or  brake  system,  shown  schema¬ 
tically  by  Figure  6,  is  available  for  testing,  and  a  two-dimensional  model 
is  constructed  to  facilitate  analysis  of  this  system.  A  section  of  tie 
clutch  date  shown  by  Figure  7  is  idealized  on  Figure  8,  and  the  two-dimen¬ 
sional  nhysical  model,  shown  by  Figure  5,  is  taken  from  the  shaded  region 
of  Figure  8. 

Early  in  thB  two-dimensional  programming  phase,  it  was  found  advan¬ 
tageous  to  construct  the  mathematical  model  in  a  one  and  two-dimensional 
array.  The  one-dimensional  array  is  used  to  describe  the  thermodynamic 
characteristics  of  the  surface  that  is  in  motion  relative  to  the  cooling 
fluid  grooves.  By  virtue  of  this  motion  the  nodal  position  is  continually 
changing,  and  an  averaging  process  is  indicated  for  analysis  of  tempera¬ 
ture  distribution  associated  with  the  moving  surface.  To  this  end,  the 
temperature  of  all  nodes  in  the  KL~1  layer,  shown  by  Figure  9,  are  computed 
with  the  two-dimensional  array  then  averaged.  The  average  temperature  is 
then  used  as  the  temperature  of  the  first  node  in  the  one-dimensional  array. 

For  a  complete  analysis  of  the  two-dimensional  system  the  IBM  1620 
scientific  computer  is  impractical  and  a  computer  with  larger  core  capacity 
must  be  used.  A  limited  version  of  the  two-dimensional  program  was  ana¬ 
lyzed  with  the  1620  computer  and  found  to  be  in  working  order.  Conversion 
of  the  program  for  the  larger  computer  is  readily  accomplished  and  will  be 
completed  in  the  near  future. 

c.  TirorPl«pgl9nal.S«tan 

The  three-dimensional  program  is  an  extension  of  the  two-dimensional 
program.  Development  of  the  three-dimensional  program  will  be  in  «tepa  of 
increasing  flexibility  and  complexity.  The  first  three-dimensional  program 
will  be  designed  to  determine  the  transient  temoerature  distribution,  using 
a  constant  Nusselt  number  at  the  fluid  boundries.  A  second  program  will 
add  to  the  above  analysis  the  effects  of  fluid  dynamics  and  groove  design. 
Finally,  the  mechanism  of  wear  will  be  included  in  the  final  analysis,  and 
the  analytical  results  of  all  parameters  compared  with  empirical  results. 

The  three-dimensional  program  is  in  the  preliminary  development  phase 
and  completion  of  the  preliminary  program  is  related  to  progress  of  the 
two-dimensional  program  re  suit a . 

The  problem  of  relative  motion  between  the  steel  and  grooved  bronze 
discs  ie  present  in  the  three-dimensional  case,  and  a  method  must  be  de¬ 
veloped  to  include  relative  notion  as  was  done  in  the  two-dimensional  case. 
To  this  end,  the  physical  three-dimensional  mathematical  model  is  divided 
into  a  one,  two  and  three-dimensional  array  as  shown  by  Figure  10.  The  K 
layer  notion  used  in  the  two-dimensional  model,  shown  by  Figure  9,  is  used 
to  describe  nodal  locations  ir  horizontal  planes.  Each  layer  is  then 


divide j  into  a  grid  or  matrix  of  1  by  J  subd  i  vi  ;.icns,  and  the  layers  are 

ttereby  reduced  to  a  network  of  cubic  subvolumes  which  are  readily  reduce  i 
to  a  three-dimensional  nodal  network.  Individual  nodal  temperatures  are 
described  with  the  three-dimensional  matrix  notation  T(I,J,K): 

Tiie  temperature  of  the  moving  surface  is  computed  by  combining  the 
KL+l  layer  with  the  three-dimensional  array  am  using  standard  three- 
dimensional  methods.  The  temperatures  of  the  VX+1  layer  r.  ~e  then  averaged, 
and  the  average  temperature  is  used  as  the  temperature  of  the  first  node  of 
a  one-dinersional  array. 

D.  Wear 

When  consideration  is  given  to  surface  roughness  on  a  microscopic  leve1 , 
the  material  surface  is  not  well  defined.  The  surface  is  comocsed  of  a 
large  number  of  asperities  or  protuberances,  and  the  actual  surface  bearing 
area  ranges  from  zero  to  the  apparent  area  as  pressure  is  applied.  Physi¬ 
cally,  only  a  small  area  is  on  contact  and  considerable  localized  pressure 
is  anticipated.  It  is  theorized  that  the  bearing  asperities  are  plastically 
deformed  and  are  free  to  move  on  surface  without  apparent  damage.  This 
asperity  motion  could  possibly  be  used  to  describe  friction,  and  when  an 
adeouate  theory  is  developed  information  available  on  friction  forces  could 
be  used  to  substantiate  the  theory.  The  results  of  a  library  search  leads 
to  the  conclusion  that  a  statistical  annroacn  wou^d  best  be  suited  to  des¬ 
cribe  ’wear  based  on  asperities, 

E.  Future  Plans 

1.  Complete  two-dimensional  heat  transfer  program. 

2.  Develop  three-dimensional  teat  transfer  program. 

3.  Incorporate  lubrication  and  wear  theory  in  three-dimensional  heat 
transfer  program, 

4*  Undertake  ontimi  zation  studies  (as  noted  herein)  of  clutch  ani  brake 
configuration. 


DYNAMIC  SYSTEMS  BEHAVIOR  DURING  CATAPULT  OPERATION 


H.  GOOD IS 


BACKGROUND. 


The  need  to  define  accurately  the  performance  of  newer 
generation  catapults  requires  Improved  theoretical  and  quan¬ 
titative  definitions  of  the  complex  dynamic  behavior  of  aircraft 
ceused  by  interaction  of  aircraft  with  the  launcher,  matting, 
and  sol 1  subgrade.  Soli  and  matting  elastic  and  roughness 
characteristics,  interacting  with  aircraft  and  catapult  tow 
force  histories,  produce  complex  aircraft  dynamic  behavior, 
which  must  be  described  accurately  to  define  structural  and 
stability  characteristics  of  aircraft  during  launch.  To  obtain 
the  optimum  catapult  design,  a  mathematical  theory  of  interaction 
Ik  .ween  the  aircraft  and  soil  matting  combination  must  be  dev¬ 
eloped  define  quantitative  effects  of  the  soil  matting  inter¬ 
act.  n  on  aircraft  stability  and  structure. 

Thii.  mathematical  theory  will  apply  also  to  less  complex 
sitnations  involving  aircraft  and  soil  matting  Interaction 
without  the  catapult,  under  taxiing  and  take-off  conditions. 

OBJECTIVE. 


Once  the  basic  motion  equations  of  a  complex  dynamic  system 
are  determined,  along  with  their  auxiliary  kinematic  and 
coupling  equations  which  would  allow  dynamic  Interaction  and 
geometric  coupling,  the  question  of  method  of  mathematical 
solution  and  numerical  methods  in  computer  programming  is  of 
utmost  importance.  Previously,  dynamic  systems  have  been  of 
moderate  complexity  or  purposefully  simplified,  and  selection 
mathematical  and  computer  methods  was  not  overly  difficult. 

These  systems,  by  nature  of  their  mathematical  solution,  were  n  t 
capable  of  higher  mode  vibrations,  so  that  inefficiencies  in 
numerical  methods  were  not  detrimental  to  the  computer  solution 
time  for  a  prescribed  accuracy.  The  systetewere,  in  general,  of 
a  low  frequency  nature  and  dynamically  uncoupled  so  that  they 
could  be  treated  as  isolated  events.  When  existing  numerical 
methods  are  applied  to  a  complex  dynamic  system  and  approximate 
solution  time  extrapolated,  it  becomes  evident  that  method 
^efficiencies  not  only  account  for  hours  of  additional  computa¬ 
tion  time  and  undue  cost  but  also  produce  mathematical  insta¬ 
bilities  that  invalidate  the  solution. 

It  is  unlikely  that  a  general  method  of  solution  can  be 
found  for  complex  dynamic  systems  that  would  fulfill  the 
requirements  of  optimized  computer  solution  time  and  accuracy. 

It  is  necessary,  therefore,  to  establish  separate  solution 
methods  for  individual  components,  and  modify  these  methods  to 
account  for  dynamic  coupling.  The  general  scheme  is  solution 


of  representative  sections  of  the  system  that  reflect  dis¬ 
tinctive  dynamic  characteristics  by  applying  selected  mathe¬ 
matical  and  computer  methods  that  will  allow  immediate  optimi¬ 
zation  of  computer  solution  time  and  accuracy.  It  is  doubtful 
that  the  "best"  method  can  be  found  after  a  brief  study;  how¬ 
ever,  a  significant  achievement  would  be  to  develop  a  feasible 
method  that  would  allow  complex  dynamic  system  investigation 
while  constant  improvement  of  mathematical  and  computer  methods 
is  attempted. 

Capabilities  and  techniques  developed  in  this  research  effort 
would  greatly  advance  the  stability  and  structural  understanding 
for  both  shipboard  and  land-based  launch  operations.  Practical 
application  of  these  knowledges  would  permit: 

a.  Definition  of  safe?  launch  operations  for  both  stability 
and  structural  considerations. 

b.  Redesign  and  improvement  of  existing  launch  systems  to 
improve  both  characteristic  features. 

c.  Develop  criteria  for  needs  of  refurbishing  launch  sites 
and  matting  installation. 

d.  Auxiliary  studies  to  describe  instrumentation  behavior 
on  the  aircraft  to  properly  correlate  test  results  with  theory. 

e.  Aircraft  ground  matting  phenomena  interaction  studies 

to  provide  an  improved  definition  of  present  power  spectrum  anal¬ 
ysis  techniques. 

ACCOMPLISHMENTS. 

The  study  was  conducted  in  the  following  phases: 

(1)  literature  search  and  error  study; 

(2)  synthesis  of  theory; 

(3)  development  of  computer  numerical  methods  and 
programs;  and 

(4'  correlation  of  mathematical  model  performance  with 
test  and  4lJkD  catapult  performance. 

1.  .Literature  Seaxch  and  Error  Study. 


a.  Literature  Search.  The  literature  search  revealed  that 
the  "State  of  the  Art''  of  numerical  analysis  is  at  a  saturated 
level;  in  that  the  new  advances  in  the  field  are  actually  sophis¬ 
tications  and  combinations  of  previously  established  methods. 

A  large  proportion  of  the  work  of  Interest  has  been  solution  of 
differential  equations  by  approximate  numerical  methods  and  tab¬ 
ulation  of  results  for  accuracy  and  stability.  The  differential 
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equations  investigated  were  linear  with  constant  coefficients 
and  therefore  capable  of  Integration  in  closed  form.  Exact 
mathematical  solutions  were  used  for  comparative  purposes. 

While  this  work  is  useful  from  an  academic  viewpoint,  the 
complex  dynamic  system  under  consideration  cannot  be  defined 
in  this  manner. 

It  is  unfortunate  that  the  formal  mathematical  methods 
presented  in  the  literature,  mask  understanding  of  the  physical 
problem  needed  to  allow  anticipation  of  system  complexities 
and  subsequent  effects.  The  matrix  technique  of  solution  of 
dynamic  system  equations  typifies  this  by  obscuring  the  physical 
problem  in  influence  or  elastic  coefficients  While  numerical 
solution  is  important,  an  equally  important  aspect  is  the 
"insight”  into  the  mechanism  of  the  problem. 

The  computer  techniques  developed  in  the  literature 
are  direct  translations  of  the  methods  of  numerical  analysis 
into  efficient  computer  language.  While  some  programming 
techniques  may  be  useful,  the  existing  computer  programs  cannot 
be  used  for  the  reasons  stated  above.  It  is  necessary,  there¬ 
fore,  to  use  the  literature  as  a  loose  guide  and  to  establish 
independent  methods  for  mathematical  solution  and  computer 
programming. 

b  Error  Study.  The  criteria  for  selection  of  the  best 
method  for  solving  this  complex  dynamic  system  is  optimization 
of  computer  solution  time  and  accuracy.  Secondary  consideration 
is  given  to  adjusting  methematical  methods  to  computer  storage 
capacity . 

The  dynamic  system  under  consideration  is  defined  by 
second  degree  non-linear,  ordinary  or  partial  differential 
equations  with  variable  coefficients.  Because  equations  of 
this  type  cannot  be  integrated  in  closed  form,  an  exact  mathe¬ 
matical  solution  cannot  be  obtained.  It  is  necessary,  therefore, 
to  generate  an  "exact"  solution  that  can  be  used  to  judge  the 
accuracy  of  the  solutions  obtained  from  the  mathematical  methods 
to  be  developed. 

The  "exact"  solution  generated  must  have  a  minimum 
error.  Literature  shows  that  error  criteria  is  lacking  in  theory 
and  error  type  magnitudes  can  be  misleading  in  that  they  vary 
for  the  type  of  problem  evaluated  and  the  computer  used. 

Errors  are  classified  into  three  categories: 


(1) 

truncation 

(2) 

round  off 

(3) 

inherent 

Truncation  error  is  usually  expressed  as  a  factor 
of  the  function,  and  is  the  magnitude  of  the  highest  order 
term  neglected. 

Round  off  error  is  associated  with  the  last  significant 
digit  that  is  retained "by  the  computer.  It  is  impossible  to 
determine  the  magnitude  of  this  error  by  deterministic  means, 
the  only  solution  being  of  a  statistical  nature. 

Inherent  error  is  a  combination  of  error  generation 
by  the  process  itself  or  the  function.  The  process  generates 
errors  due  to  previous  erroneous  information  which  is  used  to 
predict  new  information.  This  is  analogous  to  electrical  feed¬ 
back.  The  function  will  generate  errors  due  to  non-analytical 
points  (Ex.  coulomb  friction). 

Since  the  round  off  and  inherent  error  are  elusive  in 
their  evaluation,  it  seems  safest  to  generate  an  ’’exact"  solu¬ 
tion  on  the  basis  of  the  truncation  error  only. 

The  Taylor  series  is  selected  for  this  purpose  since 
its  accuracy  in  the  neighborhood  of  the  origin  is  determinable. 
It  has  the  general  form: 


f (a  +  x)  -  ^a)  +  (x  -  a)  f1  (a)  +  (x  -  aff  t  -t  ...  (x  -  a )m  fra 

2!  nr? 

The  last  term  omitted  in  the  series  will  be  classified 
as  the  truncation  error.  Since  the  origin  may  be  shifted  from 
interval  to  interval,  as  (x  -  a)  approaches  zero  for  a  given 
number  of  series  terms,  a  mean  deviation  or  change  in  the  system 
should  approach  zero  also. 

2.  Synthesis  of  Theory. 


a.  Dynamic  System  Model.  The  general  method  of  solving 
the  dynamic  equations  which  describe  an  aircraft  and  associated 
launching  equipment,  is  applied  to  both  shipboard  and  shore- 
based  systems,  when  applicable  components  are  selected  for 
system  analysis.  To  define  adequately  a  system  and  its  inter¬ 
acting  dynamic  characteristics,  each  component  must  be  modeled 
in  a  sufficient  degree  of  freedom  to  produce  accurate  response 
to  parametric  influence.  A  generalized  dynamic  system  model 
will  be  composed  of  the  following  components: 

(1)  Dynamic  model  of  aircraft  in  six  degrees  of  freedom; 
pitch,  roll,  yaw,  laterial,  longitudinal  and  vertical  motions. 

(2)  Dynamic  model  of  launching  dolly  in  fi^e  degrees  of 
freedom;  same  as  aircraft  with  omission  of  roll  motion. 

(3)  Dynamic  model  of  matting-soil  system. 
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(4)  Dynamic  model  of  catapult  with  multi-degree  of 
freedom  cable  dynamics. 

The  above  components  would  be  dynamically  interrelated 
to  produce  singular  or  resonant  type  dynamic  histories. 

b.  Classification  of  Dynamic  System  Components.  As  a 
model  of  all  system  components  would  De  unnecessary  for  an 
initial  system  dynamic  analysis,  only  those  components  con¬ 
tributing  principally  to  the  high  and  low  frequency  dynamics 
were  selected  for  model  synthesis.  This  model,  composed  of 
these  principal  components,  is  adequate  for  proper  system 
mathematical  definition  and  development  of  numerical  methods 
for  use  in  programming.  When  the  feasibility  of  this  analysis 
scheme  is  demonstrated,  the  complete  system  model  will  be 
developed. 

The  frequency  spectrum  is  divided  into  high  and  low 
bands.  The  high  band  includes  the  bridle  and  holdback  members 
of  the  aircraft  attachment  system,  matting-soil  system,  tow 
cable  system,  instrumentation  (accelerometers),  and  aircraft 
landing  gear  systems.  The  low  band  includes  the  catapult 
system  and  the  aircraft  system. 

(1)  Low  Frequency  Components.  These  system  components 
may  be  sub-divided  into  two  categories  exhibiting  distinctive 
characteristics : 

(a)  Corrective  Dynamics.  Here,  there  is  a  dynamic 
motion  that  exhibits  a  corrective  nature  resulting  from  a  pre¬ 
dictable  process.  This  is  accomplished  by  a  low  estimation  at 
a  dynamic  interval,  which  in  turn  produces  a  higher  estimation 
at  the  following  interval  and  vice  versa.  This  results  in  the 
following  type  curve: 


(b)  Non-Corrective  Dynamics.  Here,  there  is  a 
dynamic  motion  that  exhibits  divergent  characteristics  resulting 
from  an  unstable  analytical  solution.  The  error  generated  is 
accumulative,  and  the  deviation  increases  with  solution  time. 
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This  divergent  system  is  typified  by  the 
aircraft  in  yaw,  which  is  influenced  by  lateral  tire  force 
of  a  non-linear  nature. 

(2)  High  Frequency  Components.  These  system 
components  may  also  be  sub-divided  into  two  categories  exhibiting 
distinctive  characteristics: 

(a)  Distributed  Mass.  This  is  characterized  by 
the  tow  cable  system.  Since 'the  cable  media  can  be  excited  by 
a  high  frequency  component,  the  frequency  response  must  be 
allowed  for  analytically.  This  can  be  accomplished  by  a  dis¬ 
tributed  mass  technique  in  which  the  inertial  characteristics  of 
the  system  is  maintained. 

(b)  Lumped  Mass.  The  characteristics  of  these 
systems  are  low  inertia  and  high  frequency.  While  the  inertial 
characteristic  can  be  adequately  described  by  the  consideration 
of  concentration  or  omission,  special  methods  must  be  used  to 
preserve  the  vibrational  integrity.  These  systems  are  typically 
classified  by  the  bridle  and  holdback  members  of  the  aircraft, 
aircraft  landing  gears,  and  matting-soil  systems. 

3.  Development  of  Computer  Numerical  Methods  and  Programs. 


a.  Numerical  Methods.  Solution  of  the  general  equations  of 
motion  wmcn  take  the  form  of  second  order  non-linear  differential 
equations,  is  classified  typically  as  an  initial  value  problem. 
This  type  problem  can  generally  be  solved  by  two  numerical  methods 


(1)  Generation  of  a  mathematical  series  that  describes 
the  dynamic  process.  By  direct  substitution  at  suitable  inter¬ 
vals,  a  l^e  history  evolves.  This  is  of  the  form  y  -  a  +  bx  + 

cx^  +  dx**  +  .  This  is  a  complete  polynomial  approximation 

and  is  valid  for  dynamic  systems  of  small  displacement  only. 


(2)  Prediction  of  unknown  dynamic  points  by  polynomial 
approximation  through  known  pivotal  values. 


(Given  x1 ,  t1) ;  (x2 ,  t2) 


I 


Solution  (x2,  t2) 


Relation  of  the  variations  and  modifications  of  these 
two  basic  methods  is  beyond  the  scope  of  this  project. 
However,  a  basic  method  is  used  with  deviations  as  necessary 
to  satisfy  the  characteristics  of  each  particular  problem. 

The  initial  series  of  numerical  methods  investigated  fall 
in  the  category  of  function  approximation.  A  function  can  be 
approximated  by  passing  a  polynomial  through  known  pivotal 
points.  The  future  value  is  assumed  to  lie  on  the  curve 
generated  by  the  previous  values  of  the  function.  Subsequent 
integration  is  performed  in  accordance  with  the  degree  of 
the  function  assumed.  The  Integration  error  will  depend  upon 
the  deviation  of  the  polynomial  approximation  from  the  true 
function  for  the  finite  time  differential. 

Polynr  ials  of  degrees  one  to  three  were  considered  for 
function  generation.  The  functions  operated  on  are  the 
first  and  second  derivatives  with  respect  to  time,  velocity, 
and  acceleration. 

For  a  general  nth  degree  polynomial  (n  +  1),  pivotal 
points  must  be  known  to  predict  a  future  value.  The  values 
for  formulas  below  are  for  equally  spaced  intervals.  The 
predicted  values  for  the  polynomials  are  in  general  form: 


n  -  degree  of  polynomial 
Yn  f  2  -  Ayn  +  x  +  Byn  +  Cyn  _  x  ♦  Dyn  _  2 

Polynomial 

Degree _ A _ B _ C _ D _ 

1*  2  -10  0 

2*  3  -3  10 

3*  4-6  4  -1 

The  subsequent  integration  is  of  the  general  form: 

Yn  ♦  2  -  Yn  +  i  +  t  (A  yXn  ♦  2  ♦  Byio  ♦  1  ♦  Cyln  +  Dyln  -  1 


Polynomial 


Degree 

A 

B 

C 

D 

1° 

1/2 

1/2 

0 

0 

2° 

5/12 

8/12 

-1/12 

0 

3° 

9/24 

19/24 

-5/24 

1/24 

A  general  type  sub-program  was  devised  which  allowed  for 
maximum  flexibility  in  polynomial  approximation.  The  program 
permits  selection  of  derivative  order  to  be  extrapolated,  and 
also  selection  of  the  polynomial  degree.  Initial  pivotal 
points  for  the  polynomial  approximation  are  controlled  by  an 
iterative  process.  Their  exactness  is  controlled  by  either 
a  tolerance  on  the  function  Itself  or  a  predetermined  number 
of  Iterations. 

b .  Programs . 


(1)  Generalised  Aircraft  Description  Program. 


(a)  Pitch  Plane.  The  aircraft  is  described  in 
two  rigid  modes  -  vertical  translation  and  rotation.  The 
airframe  is  considered  to  be  rigid.  The  landing  gears  are 
treated  as  standard  oleo  pneumatic  shock  struts.  The  dynamic 
analysis  considers  hydraulic  friction  forces,  which  can  be 
adequately  represented  by  a  non-linjar  dashpot,  non-linear 
spring,  and  coulomb  damping.  The  unsprung  mass  represents  the 
strut  and  tire-axle  assembly.  The  tire  deflections  are  repre¬ 
sented  by  a  non-linear  spring  constant.  This  complete  assembly 
is  elastically  connected  to  a  rigid  air  frame  coupled  by  a 
linear  spring  constant. 


k^  Structural  spring  constant 
k£  oleo  spring  constant 

c  oleo  viscous  damping 

f  coulomb  damping 
m^  oleo  housing  mass 

m2  unsprung  mass  (oleo,  tire 

wheel) 

k3  tire  spring  constant 


/SZU/cf  2/WWAC7  AC M7&7  A// 


i  $  §  9  *  5  8 


8  S  4  a  % 


-20b- 


//V  -  a  y/v&m/c  v^?iv 


rs  s,  *■  /»>»  ;  y  -  *vv  /.  h 


-  ?c*  - 


This  representation  is  adequate  to  describe 
dynamic  actions  that  result  from  forcing  functions  produced 
by  surface  roughness  of  a  static  or  dynamic  nature. 

The  generalized  aircraft  pitch  motion  was 
programmed  for  a  digital  computer  and  preliminary  series  of 
computer  studies  were  initiated.  An  aircraft  in  launch  was 
exposed  to  surface  conditions  at  zero  roughness,  and  also  to 
a  measured  survey  roughness  that  was  favorable  utilizing  the 
criteria  of  the  power  spectra  method.  Theso  computer  studies 
showed  no  adverse  results,  and  the  gear  motions  and  pitch 
angle  of  attack  were  not  excessive.  A  typical  result  is 
shown  in  Figure  1. 


To  investigate  more  intensified  dynamic 
landing  gear  action  and  also  stability  of  computer  technique 
and  mathematical  stability,  a  ten  foot  wave  length  of  two 
inch  amplitude  was  imposed  during  the  aircraft  launch.  The 
results  are  shown  in  Figure  2.  A  quasi-dynamic  matting-soil 
system  was  used  in  the  above  analysis  to  account  for  load 
deflection  characteristics. 

The  generalized  sub-program  of  integration 
technique  has  been  written  and  programmed  for  this  section 
of  the  system,  and  investigations  are  being  made  concerning 
the  stability  and  accuracy  of  the  highly  vibrating  landing 
gear  system. 


(b)  Yaw  Plane.  Initial  studies,  utilizing 
mathematical  methods  described,  were  applied  to  the  aircraft 
model  in  a  yaw  plane.  This  system,  under  the  environment  of 
a  vibratory  landing  gear  load  history,  produces  a  resonant 
type  instability  or  escalating  yaw  angle  history.  This 
system  is  further  complicated  by  a  non-corrective  integration 
characteristic  which  accumulates  the  error  of  integration. 

This  characteristic  can  be  seen  in  Figure  3, 
Curve  B,  which  exhibits  a  rapid  rate  of  yaw  angle  escalation. 
Utilizing  a  polynomial  approximation  under  the  same  time 
differential,  and  the  same  computational  time,  curve  A  was 
generated.  The  dynamic  values  agree  to  within  6  significant 
figures  with  results  obtained  utilizing  the  method  that  was 
used  to  generate  curve  A,  but  with  a  time  interval  reduction 
of  1/100.  The  final  result  was  a  six  significant  figure 
accuracy  with  a  computational  time  reduction  of  approximately 
20  to  1. 


Since  the  yaw  studied  was  a  duplication  of 
an  actual  launch,  a  small  initial  displacement  angle  was 
Imposed.  In  order  to  verify  the  numerical  techniques,  a 
series  of  computer  studies  were  made  with  an  initial  dis¬ 
placement  angle  of  10  degrees  which  would  correspond  to  a 
large  displacement  system.  Comparative  results  were  obtained 
for  solution  time  and  accuracy. 
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(2)  Additional  Programs. 


Dynamic  coupling  of  the  aircraft  in  the  pitch 
and  yaw  planes  of  motion  are  being  programmed  for  a  digital 
computer.  This  coupling  is  achieved  by  a  series  of  sub¬ 
programs  with  control  options  that  would  allow  a  mode  to  be 
either  coupled  or  uncoupled.  Additional  flexibility  is 
achieved  by  the  predetermined  selection  of  mathematical 
technique  for  each  characteristic  dynamic  member  or  the  com¬ 
posite  system. 

Investigations  into  computer  techniques  were 
made  for  the  tow  cable  system.  Utilizing  previous  work  that 
allows  for  mass  distribution  criteria,  a  series  of  computer 
studies  were  made  with  techniques  that  minimized  errors  in 
significant  digit  arithmetic.  A  satisfactory  method  of 
solution  was  obtained  that  allowed  for  minimum  error  and 
mathematical  stabili'  of  the  system.  The  criteria  for  mass 
distribution  was  revei *fied. 

FUTURE  PLANNING. 


1.  Numerical  Methods.  Further  investigation  of  the  stability 
of  ihTt gratlon  "aid  opT imizaticn  of  solution  time-accuracy  will 
be  Ride ,  utilizing  ether  numerical  methods  which  can  be  class¬ 
ified  AS 


a  Semi-iterative  -  predictor-corrector. 

b,  Iterative. 

c.  Function  prediction  utilizing  a  prior  error  history. 

2.  Synthesis  of  Complete  Launch  System.  Each  dynamic 
component  of  the  system  will  be  developed  a:.d  programmed  for 
a  digital  computer.  The  system  will  be  flexible  in  that  any 
combination  can  be  dynamically  coupled.  Each  section  will 
operate  independently  with  respect  to  its  most  efficient 
solution  technique. 

3.  Computer  Technique.  Development  of  computer  techniques 
needed  for  efficient  and  flexible  operation  of  programmed 
components. 

4.  Matting-Soil  System. 

a.  Synthesis  of  dynamic  model  utilizing  wave  form  genera¬ 
tion. 

b.  Investigation  of  parametric  effects  of: 

(1)  Soil  variations. 

(2)  Water  leakage. 
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(3)  Soil  erosion  or  degeneration. 

(4)  Runway  roughness  variations. 


5.  Cable  dynamics  studies  into  non-1 inear  damping  and 
elasticity  characteristics 

6.  Correlation  of  mathematical  model  to  test  results. 

7.  Continued  effort  to  accomplish  previously  specified 
objectives . 
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MISSILE  LAUNCHING  CONCEPTS  FOR  DEEP  DEPTH  OPERATIONS 


E.  T.  BVTKIEWICZ 


BACKGROUND. 


The  participation  of  the  Naval  Air  Engineering  Laboratory  (SI) 
(NAEL(SI))  in  the  Advanced  Sea-Based  Deterrence  (ASBD)  Long 
Range  program  has  been  documented  in  publications  (references 
1  thru  7)  encompassing  the  four  year  period  from  1960  to  1964. 
Authorization  has  been  under  reference  (8)  up  to  the  1964  Summer 
Study  Program  (Project  SEABED),  as  convened  during  June-July  1964 
at  the  U.  S.  Naval  Postgraduate  School,  Monterey,  California. 

The  NASL(SI)  efforts  were  directed  toward  obtaining  as  much  timely 
information  as  possible  to  provide  the  Study  Group  with  technical 
inputs  for  ASBD  missile  launching  systems  evaluation.  At  this 
point,  NAEL(SI)  tasks  were  terminated. 

In  an  attempt  to  bridge  the  remaining  gaps,  this  project  has  been 
initiated  under  the  Fo. ndational  Research  program.  Phaso  I  of 
this  effort,  as  reported  here  in  a  preliminary  manner,  involves 
(1)  the  Investigation  of  current  literature  to  determine  the 
feasibility  of  pursuit  (FOP),  and  (2)  the  formulation  of  program 
objectives  to  be  fulfilled  withia  the  Phacs  II  time  frame. 

OBJECTIVES. 

1.  To  determine  the  FOP  of  missile  launching  systems  concepts 
for  future  sea-based  deterrence  operations,  by  means  of  a  con¬ 
tinuing  literature  search. 

2.  To  formulate  the  program  objectives  to  be  considered  within 
the  next  phase  of  effort. 

3.  To  establish  the  tentative  implementation  plan  for  the  con¬ 
duct  of  research  for  the  development  of  ccmputer  technic*  es. 

4.  To  review  the  program  status  and  overall  data  completeness 
to  determine  remaining  gaps  and  avoid  duplication  of  effort. 

ACCOMPLISHMENTS. 

The  pioneering  literature  search  efforts  well  underway  prior  to 
the  construction  of  a  realistic  feasibility  study  is  unquestion¬ 
ably  extensive,  k  b*oad  base  lias  been  laid  during  the  past  five 
years  in  an  attempt  to  encompass  all  technological  Inputs  directed 
toward  defining  the  1970-era  ASBD  Weapons  Complex.  As  a  result, 
over  1,000  reports,  proposals,  etc.  have  emanated  from  both 
private  industry  and  Government  activities.  Within  this  period, 
the  sifting  process  of  several  of  these  publications  has  been 
conducted  in  an  attempt  to  determine  the  overall  program  status 
and  data  completeness  so  that  the  FOP  of  this  prograa  may  be 
established. 


In  this  sifting  process  of  ASBD  literature,  several  noteworthy 
aspects  stand  out.  Of  the  studies  conducted  elsewhere  within 
the  area  of  ASBD  missile  launching  systems,  the  relationship  to 
previous  NAEL(SI)  investigations  does  exist;  however,  the  ana- 
lytical  approach  relationship  is  not  evident.  The  primary 
reason  for  this  omission  appears  to  lie  in  the  intended  applica¬ 
tion  of  these  ASBD  concepts.  Significant  departure  from  the 
analytical  techniques,  therefore,  as  to  be  adapted  under  this 
phase  of  effort,  is  possible.  As  a  result,  the  data  obtained 
from  these  other  studies  (for  example,  solid  propellant  density, 
molecular  weight,  burning  rate  exponents,  etc.)  may  be  applied 
as  inputs  to  the  computer  programs  to  be  initiated  during  the 
next  phase  of  effort. 

The  ASBD  missile  launching  concept  converged  upon  at  NAEL(SI) 
up  to  the  1964  Summer  Study  Program  (Project  SEABED)  is  termed 
the  Hybrid  Powered  Flotation  and  Solid  Propellant  Launcher  Con¬ 
cept  (Variant  D) .  This  concept  (references  4  and  6)  could  not 
be  treated  in  the  detail  of  some  of  the  other  concepts  in  time 
for  Project  SEABED;  however,  in  comparing  the  launcher  power- 
plant  sizing  characteristics  for  this  concept,  significant 
distinguishing  features  were  readily  seen.  Continued  exploita¬ 
tion  of  this  concept  for  detailed  evaluation  is  necessary  to 
determine  its  relative  "worth",  limitations,  sensitivity,  etc., 
as  a  candidate  missile  launching  concept  for  deep  depth  (6,000- 
20,000  ft.)  operations. 

As  indicated  in  references  9  and  10,  hybrid  missile  launching 
concepts  as  considered  comprise  the  basic  configuration  utilizing 
the  secondary  injection  of  a  liquid  monopropellant  in  the  launch 
cycle.  The  combined  flotation/solid  propellant  system  as  envis¬ 
aged  here  has  not  been  revealed  through  this  literature  search 
thus  far.  Direct  contact  with  several  of  the  key  participating 
activities  would  provide  additional  insight  into  the  methodology 
adopted  there  during  their  course  of  study,  so  that  technical 
Inputs  may  be  derived  and  updated  information  obtained.  There 
are  many  promising  directions,  and  the  logical  cyclic  spin-off 
will  evolve  during  the  next  phase  of  effort. 

FUTURE  PLANS. 


The  following  plan  defines  and  describes  the  logical  implementa¬ 
tion  envisaged  under  the  Foundational  Researcn  Program  to  be  con¬ 
ducted  during  the  period  from  1  July  1965  to  30  June  1967: 

1.  To  explore  the  literature  constantly  to  determine  current 
state  of  the  art  developments  for  solid  propellants  and  collateral 
studies  relevant  to  advanced  under-sea  missile  launching  concepts. 

2.  To  exercise  the  existing  Solid  Propellant  Gas  Generator  and 
Flotation  computer  programs  with  updated  inputs.  An  estimated 
total  of  six  (6)  computer  programs  is  involved. 


3.  To  revise  and  execute  the  "Theoretical  Launch  Performance" 
Solid  Propellant  Gas  Generator  (G.G.  Mod  -6E)  computer  program 
by  incorporating  a  non-iterative  analytical  technique.  This 
revision  will  result  in  generating  a  new  computer  program  capable 
of  faster  computer  running  time,  and  will  serve  as  the  guideline 
in  the  analytical  approach  for  the  solid  propellant  performance 
portion  of  the  Variant  "D"  hybrid  missile  launching  concept. 

4.  To  contact  the  pertinent  participating  government  and  con¬ 
tractor  activities  through  short  visits  as  necessary  to  obtain 
definitive  inputs,  such  as  capsule/missile  weights,  solid  pro¬ 
pellant  density,  molecular  weight,  burning  rate  characteristics, 
etc.,  to  execute  the  mathematical  model  computer  programs. 

5.  To  incorporate  the  necessary  additions  and  conversions  to 
the  key  computer  program^  so  that  compilation  and  execution  may 
be  performed  on  the  faster,  larger-capacity  computer  equipment 
available  at  commercial  data  centers  on  a  rental  basis. 

6.  To  document  the  computer  programs  to  systemize  the  orderly 
flow  of  analytical  effort  to  be  gpplied  in  the  next  stage  of 
program  development. 

7.  To  develop  the  analytical  techniques  directed  toward  develop¬ 
ing  the  computer  programs  for  the  theoretical  evaluation  of  the 
Variant  "D"  hybrid  ASBD  missile  launching  concept. 

8.  To  exercise  this  newly  developed  program  with  specific  inputs 
to  arrive  at  the  theoretical  launch  history  profile.  With  defin¬ 
itive  inputs,  a  thorough,  detailed  evaluation  resulting  Ih.the 
measurement  of  the  relative  "worth"  of  this  concept  in  comparison 
to  other  candidates  may  be  derived. 

It  should  be  noted  that  the  above  merely  provides  the  preliminary 
planning  for  this  task  in  order  to  establish  some  procedural 
criteria,  and  it  is  possible  that  sharp  deviations  therefrom  may 
evolve  during  the  course  of  the  study  as  a  result  of  the  many 
considerations  involved.  As  a  result,  recommendations  for  program 
segmentation  into  other  funder*  programs  to  provide  additional 
study  requirements  may  be  specified. 
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HYDROGEN  EMBRITTLEMENT  OF  METALS  AND  ALLOYS 


WALTER  BECK  AND  EDWARD  J.  JANKOWSKY 


Background . 


During  the  past  ten  years,  many  reports  on  hydrogen  embrittlement  have 
been  published,  including  several  generated  from  the  work  conducted  at 
the  Aeronautical  Materials  Laboratory.  These  reports  have  dealt  with 
the  mechanism,  testing,  alleviation,  and  generation  of  hydrogen 
embrittlement  induced  in  metals  by  a  variety  of  procedures.  Their 
content  is  frequently  confusing  and  attempts  to  gather  the  information 
together  have  been  very  limited  in  scope.  A  book  in  which  the  useful 
procedures  are  separated  from  the  ineffective,  a  critical  analysis  made 
of  the  various  suggested  mechanisms,  and  all  the  practical  aspects  of 
testing  for  and  minimizing  hydrogen  embrittlement  are  set  forth,  would 
be  of  great  value  to  materials  engineers,  aircraft  designers,  corrosion 
engineers,  and  metallurgists. 


Objective. 


1 


The  objective  of  this  project  is  to  review  all  the  reports  on  hydrogen 
embrittlement  published  during  the  past  ten  years  and  present  the 
information  in  the  form  of  a  book. 


Accomplishments  and  Future  Plans. 

The  project  was  started  in  June  1965.  All  the  reports,  papers,  and 
ether  publications  on  hydrogen  embrittlement  are  being  gathered  together 
and  cataloged  for  future  reference.  Work  on  the  section  on  testing 
procedures  will  begin  immediately  after  the  cataloging  is  complete. 


